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PREFACE

The conclusions given in this report are based upon the "Engineering
Manual (PM100-1)" method for culaculation of "protection factors'. Since
an error analysis is not presently available, the conclusions should be
regarded as tentative, pending the development of such anvanalysis. In
addition, a redistribution of fallout end/or changes in the ¥-ray spectrum
emitted by the fallout may introduce further uncertainties into these con-

clusions.
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ABSTRACT

This is Volume II of four separately bound volumes that report the research

- completed in fulfillment of Office of Civil Defense Work Unit No. 3233B, "Radio-
logical Recovery Requirements, éuructures, and Operations Research.' This describes
six supporting studies all previously reported to the Office of Civil Defense in
research memoranda. Volume I describes the general aspects of the investigations
and presents the conclusions and recommendations. The abstract for each of the

volumes is presented on the following pages.




ABSTRACT FOR VOLUME 1

This study examines the application of decontamination strategles to
extensive urban areas. Urban areas of various sizes (from a few acres to an
interconnected system involving hundreds of acres) are examined with regard to
decontaminating vital sections and their connecting links. Feasible creation of
decontaminated 'islands" or marshalling areas is determined. The nature and
scope of command and control system elements required for conducting effective
decontamination in practical situationsare defined together with the preattack
and postattack data required by such a system. Several models of detector
response to gamma radiation developed during the course of the project are briefly

discussed.
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ABSTRACT FOR VOLUME II

Volume 1II contains six supporting studies. Described are a number of models
for determining the cost and effectiveness of decontaminating amunicipal areas.
One study examines the system components of a command and control system for
municipal decontamination. These studies cover the following subjects:

1. A Feasibility Study of the Application of Anslog Computers to the Analysis

of Decontamination: This study describes the research completed on the applica-

tion of analog computers to the analysis of decontamination. A simplified analog
model of the effect of a single decontamination effort on a single plane of
contamination is explained and described. Sample analog records of output from a
prototype of this model are presented. The design of a more elaborate model
requiring substantially more analog equipment is described, and applications are
indicated.

2. A Circular Model for Approximating Gamma Ray Intengity at a Single

Detector Location: An approximate procedure for determining the gamma ray
intensity at a point, due to fallout radiation, is investigated. A reasonably
accurate model using circular annulus geometry was developed which includes the
effects of gamma ray attenuation, build-up, backscatter, and skyshine. This
model was based on NBS Monograph 42.

A single annulus model is described in order to show clearly the basic
premises upon which the full "circular' model is based. The development of the
rmultiple annulus model is treated in a manner to show how each of the parameters
involved is handled. An example demonstrating the use of the model is included.

3. A Square-Grid Model for Approximating Gamma Ray Intensity at a Si.gle

Detector Loce:ion: This study describes a siwmple and practical procedure for

determining the approximate fallout gamma ray intensity at a point as a function
of the geometry of the contributing planes and related shielding. The procedure

described employs a '"square-grid" technique for modeling the contaminated planes.
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This model is shown to be reasonably accurate and easily adapted to practical
situations with the help of scaled overlays for city maps to be used in conjunc-
tion with the tables and graphs developed in the research. An example analysis
is carried cut to ifllustrate the method.

4, A Point Source Model for Approximating Gamma Ray Intensiiy at a Single

Detector location (The Equivalent Planes Method): A method for analyzing the

dose contributions from plane areas of fallout is developed; each contaminated
plane is treated as a weighted point source of radiation intensity. Only the
area, the lccation of the center, the eccentricity of the approximating rectangle,
and the intervening shielding need be considered. Limits are developed for the
eccentricity of an area, centered over the detector, which can be represented by
a square of the samc 1rea with an error of less than ten percent in dose rate
contribution. Limits are also developed for the area of off-center contaminated
areas such that the product of area timos the dose rate contribution per unit
area is within ten percent of the true contribution from the area.

A sample analysis is given.

A step by step procedure based on this model, called "The Equivalent Planes
Method," is presented. A small booklet which could be used as an "Equivalent
Planes Method" workbook (together with some work sheets) is included in an envelope
at the back of this volume.

5. A FORTRAN Program_ for Decontaminaiion Analysis: This study describes a

debugged and tested FORTRAN computer program to compute the effectivencss parameters
used to analyze municipal decontamination. The program was written {n FORTRAN
64 tc bhe used on large scale computers such as the CDC 3600.

6. The Nature and Scope of Command and Control System Elements Required for

Cotducting Effective Decontamination in Municipalitics: This study serves to

determine the nature and scope of command and control system eiements which are

required to effect practical municipal decontamination. The preattack and
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postattack data requirements for decontamination are specified, ard the essential
components of an information system for decontamination are identified and related.

The influence of direct weapons effects on the decontamination system is examined.
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ABSTRACT FOR VOLUME III

Volume II[ contains the cust and effectiveness data for decontamination
analyses of sixteen aites and facilities in San Jose, California. Costs are
measured in team-hours of effort. Decontamination effectiveness is measured ia
terms of fracticns of dose-rate remaining at specified detector lccetions and
fractions of dose remaining for persons who perform functions requiring specified

daily activity patterns at the sites and facilities chosen.




ABSTRACT FOR VOLUME IV

Volume IV contains the cost and effectiveness data for decontamination
analyses of twelve sites and facilities in Detroit, Michigan. Costs are measured
in team-hours of effort. Decontamination effectiveness is measured in terms of
fractions of doge-rate remaining at specified detector locations and fractions of
dose remaining fcr persons who perform functions requiring specified daily activity

patterns at the sites and facilities chosen.
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~adiclogical Recovery Requirements, Structures, and Operations Rescarch

Volume "I, Development of Analytical, Computer, and Systewms Models ii Supp>rr

of Decontamination Analvsis

I. INTRODUCTION

This volume reports six studies performed under Office of Civil Defense
Subtask 3233B, Radiological Recovervy Requirements, Structures, and
Operations Reseiarch. It is addressed to technical personnel concerned with the
planning of postattack r:covery operations as summarized and described in Volume
I of this report. Ali of the studies presented in Volume II are concerned with
the development of tools which can be used to examine the effectiveness and
costs of dacontamination when applied to accelerating recovery of an activity in
a postattack environment.

When this work began, it seemed that large complexes comprised of several
buildings could not be a2nalyzed quickly or efficiently without modifying the
analysis techniques that were previously developed for single-facility shielding
analysis. Thus, to meet what then appeared to be a requirement for efficiemnt
decontamination analysis, a number of models were developed for approximating
garma ray intansity at a point due to complex contaminated plane configurations.
Each of these models is discussed in a separate appendix {Appendices A through
D) in this volume.

Paralleling the development cf the analytical models and the aneslog computer
model, two computer programs written in FOKTRAN for the CDC 3600 were completed
and debugged to perform most of the computation required to analyze decontaminatior
operations as applied to several sites and facilities selected from San Jose and
Detroit. The first of these programs (Reference 1) was developed and debugged
under another contract. This program computes the plane-by-plane contributions to

intensity at a specified detector location. The second of these programs computes




the effectiveness parameters of the individual decontamination analyses. This
program is described in Appendix E.

Lastly, the nature and scope of the command and control system elements
required to affect practical municipval decontsmination are defined. The pre-
attack and postattack data requirements are identified and related to the system
as a whole. The influence of direct weapons effects on the decontamiration system
are examined. This work is described in Appendix F. The six supporting studies
included in this voluma are:

1. Appendix A: A Feasibility Study of the Application of Analog Computers

to the Analysis of Decontamination

2. Appendix B: A Circular Model for Approximating Gamma Ray Intensity at

a Single Detector Location

3. Appendix C: A Square-Grid Model for Approximating Gamma Ray Intensity

at a Sipgie Detector Location

4. Appendix D: A Point-Source Model and the Equivalent Planes Method for

Approximating Gamma Ray Intensity at a Single Detector Location

5. Appendix E: A FORTRAN Program for Decontamination Analysis

6. Appendix I': The Nature and Scope of Command and Control System Elements

Required for Conducting Effective Decontamination in Municipalities
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Appendix A

A Feasibility Study of the Application of Analog
Computers to the Analysis of Decontamination

Note: The material in this Appendix was originally submitted to USNROL

as Research Memorandum RM-QU-214-2%,

% J. T. Ryan. A Feasibility Study of the Application of Analog Computers
to the Analysis of Decontamination. RM-0U-214-2. Durham, North

Carolina: Research Triangle Institute, Operations Research and
Economics Division, 1 April 1965
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Apperdix A

A Feasibility Study of the Application of
Analog Computers to the Analysis of Decontamination

I, INTRODUCTION

To the author's knowledge, only digital computer programs are presently used
to calculate the protection factor associated with specific detector locations.
These programs, with some modifications, can be used to calculate the individual
intensity contributions from each of the contributing contaminated planes. Thus,
these programs éan be effectively used to estimate the value of decontaminating
one or more of these planes of contamination. These programs are very detailed.
The inputs are an itemized description of all of the planes of contamination and
¢f the intervening shielding.

The over-all icime required to prepare such inputs is usually very long, and
thus reduces the number of facilities or activities which can be considered in
the analysis of decontamination for a large municipal area. This deficiency led
to the investigation of an analog model that uses continuous variables for the
envirormental parameters as well as the parameters associated with the decontami-
nation operations, Analog models are characteristically smaller in scope than
digital models, less minute in detail, have a shorter running time, and can be
more easily changed.

This study is a result of a very brief effort to determine the applicability
of analog computers; to the analysis of decontamination. This appendix presents
a detailed, non-technical description of the analog computer study. The initial
pages are devoted to a description and discussion of anaiog computerr. The sub-
sequent pages describe both the limited decontamination simulation fitted to the
available hardware at the Research Triangle Institute and & more elaborate model
which requires substantially more equipment. Sample runs are included. The final

section of the appendix presents cenciusions and recommendations for future work.




Section VI is a technical description of the mathematical equations and hard-

ware components (both existing and proposed) of the decontamination models.
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I1. DISCUSSION OF ANALOG COMPUTERS*

A. General

The history of computers is, in fact, two histories. Most authors (References
A-1 and A-2 for example) recognize that there are very basic factors which dis-
tinguish between the family of digital computers and the family of analog com-
puters. Usually the abacus and the slide rule are used to exemplify a simple
computer from each of these families respectively. For the purpose of this report,
however, it is not necessary to elaborate on the philosophy or historical divergence
of the two families of computers. It is only necessary to discuss the one primary
factor which distinguishes between analog and digital computers--the way in which
data is handled in each machine.

In the digital computer, data is comprised of discrete numbers (represented
by digits, magnetic senses, bit positiocus--or in the case of the abacus--bead
positions, etc.) whereas in the analog computer data is represented as a continuous
variable (represented by wheel positions, electric voltages--or in the case of the
elide rule--slide bar positions, etc.).

The general-purpose electronic analog computer is the type of computer
considered in this report., In order to evaluate the features of this type of
analog computer, it is helpful also to consider electronic digital computers.**

The following several paragraphs extracted from Reference A-3 very clearly present
the pertinent differences between anulog and digital models as they affect the

analysis and conclusions prescnted in this rceport:

*

Readers already fanmiliar witn analog computers should omit this section. Readers
who would like to learn more about the use of analog computers are referted to
Reference A-1,

*k
For a detailed (technical) comparison cf digital and aralog computers, see
Reference A-2, Chaptsr 2.
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"Digital computers are composed of a large number of multiple inter-
connected bistable devices. These on-off components along with trans-
ferring devices form the basis of the digital computer capability--
they enable formation and storage of numbers, simple arithmetic opera-
tions, and two-valued logic operations. Any function which can be
expressed or approximated as a sequence of these operations can be per-
formed on the digital computer,

"Analcg computers are not as simply composed but consist of many
components with different functions or operating modes. Their capa-
bility depends on their having a large and varied collection of com-
ponents to draw on. Electronic circuits provide this required variety,
including summers, integrators, multipliers, function generators,
switches, comparators, and many simple circuits which may be built
quickly from resistors and capacitors ko provide special functioms.,

""Mechanizi.:g an analog computer model consists in connecting these
various components together in the same way as the equations are formed
c- as the physical system is envisioned, The model is built in parallel;
for each operation in the system there is a component in the model that
perfc ms the same operation. If there are ten multiplications in the
system, then therec must be ten multlpliers in the model, which will all
be cperating at once, This is just the opposite of digital computers,
which are organized ir series. That is, every operation in the system
is performed by one component. If there are ten multiplications in the
system, then the digitel model will perform one multiplication at a
time in the programmed sequence.

"One consequence of parallel organization is that increases in
system size or complexity bring a correspcading increase in the number
of components required in the model. With series organizatlon, an
ir.credase in system size or complexity results in a longer running time
for the model,.

"4 second consequence of the parallel organization is that if the
model is interrupted at any time during the run, all variabies will be
found to be at the value corresponding to the one the system would
have at that time. That is to say, there is an iscmorphism between
time in the system and time in the model, This is not the case with
series organization as in digital computer models, where the model can
be interrupted only at certain specific times to be meaningful.

"Computing time on an analog computer model is usually very short,
While the basic switching time of the digital computer may be one
thousand to ten thousand times faster than the response tirme of an
agalog computer component, the number of operations required in the
di§§ta1 computer for any complicated function is so large that, in
fact, the total operation may rot be faster than the analog computer
component, Thus, speed in performing the toial operation coupled
with parallel organization allows the time variable on the analeg to
be scaled as & fraction or multiple of real time. Running times on
the analog are usually scaled to range between 10 seconds and 2
minutes., For example, an sualog model of 2 valve which opens in 2
seconds might be scaled to have 1 secend of real time equal 10 seconds
of computer time, thereby slowing dom the operation for each olserva-
tion, A battle model in which the time of flight to target is 5 hours




might be scaled to have 1 hour of real time equal 1 second on the
computer, vastly speeding up the time required fer a run.

"Analog computer models require a considerably more contracted
treatment of large-scale problems but provide a more tractable mecdel.
That is, large volumes of data, readily handled by digital computers,
are impossible on the analog unless they can be treated in an aggre-
gated manner; but changes can be made easily, while operating, by
simply resetting a dial.

"There is considerable difference between the form of the output
on the two computers. The usual output of a digital computer is a
tabulation of the results. Analog output is usually in a graphic
form, whether as a chart showing the variation of a number of para-
meters with time or as a plot of one variable against another. This
graphical output is adapted very well to problems where a physical
understanding of the interactions is desired, since the effect of
variations can be immediately seen.

"In summary then, an analog computer model with its treatment of
data and variables quite aggregated would be expected tc¢ be considerably
smaller in scope than 1 digital computer model. Operational changes
could be simply made and input data easily varied. Output would be
graphical and running time short, so that results of input changes
would be immediately available and easily interpreted., This is in
contrast with present digital models whicit are detailed, longer run-
ning, less rcadily changed, and considerably broader in scope."

B. Analog Computers and Decontamination Analyses

Some comments augmenting and tying the abcve remarks to the problem of
analyzing decontamination cperations are apprcpriate here.

The "parallel organization" feature described above is particularly useful in
analyzinz the effects of decontaminating a number of indcpendent contaminated
surfaces. Instead oX having to compute the effects of the separate operation
serially, one can build the model so as to show, as a function of (scaled) real
time, the effect of the sum of these decontamination operations, where they could
te perfermed simultaneously, or sequenced in any way whatsoever.,

Furthermore¢, different differential equations can be used to govern the
efficiency of the individual decontaminatjon operations where the parameters
describing these differential equations can be varied manually at run time.

This, of course, would be impossible to do with & digital computer. The ability

to easily solve very complex differential equations (not easily soluable by paper

A-5
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and pencil methods) is one of the chief capabilities cf analcg computers.
The 'graphical output" feature can, of course, be performed on a digital
computer with the appropriate peripheral equipment, but the ebility to respond at

conputer running time to the information being graphed is impossible with normal

digital equipment. Thus, analog computers can be a useful tool for training
personnel responsible for large-scale municipal dacontamination. This will be

discussed in more detail later irn this appendix.
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f11. DESCKiPTION OF IIMITED DECONTAMINATION SIMULATION

A. Introlduction

The limited decontamination analog model was developed to expiore the possi-
bilities and determine the application of analog ccmputers to decontamination
analysis. As such, this model does not provide realistic answertc to decontamina-
tion problems and only roughly simulates any real situation. Very gross treatment
of the details was used in order to simulate the main features of a single decon-

tamination operation on a small sized computer.

B. The Hardware Used

The limited analog model described in this section was fitted to a basic
installation of the model 3400 Desk Top Denver Analog Computer {Figure A-1). The
basic model 3400 computer contairs ten amplifiers, usable as summers o1v integrators,
The kesearch Triangle Institute installaticn also includes a Donner Model 3430
Problem Bozrd and a Donner Mcdel 3073 Potemtiometer Strip. The problem board
{shown in Pigure A-2) is used tc interconnect components for the solution of
particular precblems and the potentiometers are used to adjust constant and
paranetric coefficients in the equations which describe particular problems. The
cutpat from the analog model is graphed using an Offner Dynograph Appiifier-
Recorder Mcodel 542, The recorder is also showm on the right in Figure A-1. A

more detailed description of the actual compomnents used a t..is model is con-

tained in section VI,

C. The Limited Decontaminaticn Mocdel

In the limited decontamination analog, each contaminated plane which con-
tributes to the intensity at a detector location is approximated by a point souzce
at the centroid of the contaminated plane.

Figure A-3 is a schematic -howing the relationships between a single detector

and four contaminated planes.

A-7
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Figure A-1

Model 34003 Desk Top Donner Analog
Computer Installaticn

Figure A-2

A Close-up of the Problem Board
Set up tc Analyze a Simple
Decontamination Operation
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Schematic Diagram of Simplified Decontamination Operations
with Four Contaminated Planes.
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The contributions, Ci’ to radiation intensity from ground level sources of

contamination are computed using Equation A-1,

- 1
Ci r2 Si (A-1)
i
where Ai = the area in square feet of the ith contaminated plane,
th
r1 = the dirrance in feet from the centroid of the i contaminated plane

to the de-ector, and
Si = the shielding factor associated with the ith contaminated plane.
Here Ci represents the fraction of the total intensity (received at the detector)
whi:h comes from the ith plane. The shielding factox Si is a dimensionless number
which attenuates the contribution according to the shielding between the detector
and the ith plane. (Note that 0 < Si < 1.
The fraction of the total intensity received at the detector which comes from

the roof of the building in which the detector is centrally located is found by

. *
Equation A-2

2
C =TIln(l+=)s (A-2)
r 2 T
h
where v = the radius of a circular roof, with an area equal to the area of the
actuzl roof over the detector,
h = the height of the roof above the detector, and
‘r = the shielding factor associated with the roof.

Equation A-2 can also be used to determine the contribution to the intensity at an

unshielded detectcr (out-of-doors) from the plane directly belcw the detector.

Hoke
Here Sr = 1 and h is a height corresponding to the ground roughness factor.

*
See page 743 of Reference A-7 for a derivation of Equation A-2.

*
See Reference A-5 for an explanation of how the ground roughness factor affects
the "effrctive" height of the detector.
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A 2
r
In the simplified model both -%-S and T In (1 + —y ) S are treated as single
T i h i
constant inputs. Any variations in these individual parameters can be simulated

by appropriately changing the capacitors which represent these aggregate variables

before running the model.

¥
Decontamination is governed (for each individual plane) by Equation A-3,
* x KBy
= + - =2
Fi i (1 Fi) e (A-3)
-
where F, = the fraction of fallout remaining on the i"h contaminated plane after
it has been decontaminated.
*
Fi = the limiting fraction of fallout remaining on the ith contaminated
plane after infinite decontamination.
Ki = a constant associated with a given method and the physical nature of
. th .
the i contawinated plane,.
E, = the effort (usually measured in man-hours) which is applied to the

ith contaminated plane.

Here, both 1 - F: and Ki Ei are treated as single variable inputs. Both of
these variables can be varied by changing settings .of the potentiometer which
iz assigned to the particular variable p:rameter. This can be done while the
model is being run.

Table A-I is a surmary of the equations used in the limited model of decon-
tamination.

While the model is being run, the individual contributions are s'mmed and
the radiation intensity at the detector is output as a function of time. The
total dose than an individual would receive at the detector location is also out-
put as a function of time. The dose is measured over the time interval from t

1

to t,. This is simply given by

*
See Reference A-6 for a derivation of Equation A-3,
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for t< t

1
t -1.2
Total Dose = [ H(x) x dx for ;S t< ¢
3
) -1.2
[ “H{x) x 77 dx for t > t,
!

H(t) denotes the value (represerted by a voltage on the analog computer) associated
with the sum of the intensity contributions from the individual planes as a
function of time. For a system with a number of instantaneous decontamination

operations, H(t) will be a monotonically decreasing step function.
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TABLE A-Y
System Equations for Simplified Model

1. Intensity contribution from the iﬁh ground level contaminated plane:

A

3 where

c, = {

1

~
(TR (™

the areas in squure feet of ith contaminated plane.

>
[
n

distance in feet from centroid of fallout on itn contaminated

plane to the detector locationm.

th
[ &4

a2}
n

w
i

shielding factor associated i

2. 1Intensity contribution from roof:

2
¢c =1 In (1 + L ) § where
r 2 r
h
r = the radius of a circular roof of equal area,
h = height of roof (above detector).
sr = shielding factor associated with roof.

3., Decontamination efficiency:

*.  -K.,E
F =F -
i i + (1 Fi\ e i1 where

Fi = fraction of fallout remaining after decontaminating ith plane.
%*

Fi = fraction of fallout which cannot be removed.

Ki = constant associated with ith surface and the method used to

decontaminate it.
Ei = the amount of effort applied to decontaminate the ith contami -~

nated plane., (Usually measured in man-hours of effort).

For the simplified model the following parts of the above equations were set to
single constant parameters;

i Ai T r2
1. K1 = -5 Si 2, K2 =1 1n (1 + -59 Sr
ri h

The following parts of the above equation were set to single variable parameters:

i * i
= - = K
1. V1 1 Fi 2. V2 1Ei
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IV, SAMPLE RUNS WITH PROTOTYPE ™ODEL

Several test runsg were made. Seven  these runs are included here to
illustrate the nature and format of the answers obtainable. The situation
simuluated in all seven runs was the decontamination of a single contaminated
plane. For simplicity, no fallout build-up function was used. The t-l'z decay
curve was approximated as the sum of two exponential decay curves (i.e.,

t-l'z ~ e-Klt + e-Kzt). A fuller discussion of this approximation is contained
in Chapter VI,

In all of these sarple runs, no attempt was made to quantitatively scale
dose¢-rate and total dose. The time variable was alsc left arbitrary. Thus, two
inches of horizontal distance on the graph outputs might correspond to two weeks,
two hours, etc. The actual graph outputs from these seven runs are presented
as Figures A-4 througnh A-10. Time runs from right to left on these graphs. For
Figures A-4 through A-9, decontamination is assumed to take a small finite time.
In Figure A-1C decontanination is instantareous.

Figure A-4 shows the effect of deconcaminating a single plan of contamination
where 907 of the fallout material has been removed. Figures A-5 and A-6 show
the effect of decontaminating the sawe plans of contamination where the decontami-
nation efforts expended are only 75% and 507 of the effort expended in the opera-
tion simulated by the run which produced Figure 4. (Still assuming the percent
of removahle fallout equals 90%).

Figure A-7 shows the vffect of decontaminating the same planc where only
50% of the fallout can be ra2moved and a "full" effort (the same effort is assumed
for Figure A-4) is expended, Figure A-8 shows the effect of decontaminsting
this plare where only 307 of '"full" effort is expended.

For a1l of the Figures A4 Lhrough A-8, both total dose .nd dose-rate are
shown where total do<e begiis to accumilate at time t1 and stops accurmlating at

time t2. Note that the vertical scale for total dose in Figures A-7 asnd A-8 (=
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exactly half of the scale used for total dose in Figures A-4, A-5, and A-6,

In Figure A-9, total dose begins to accumlate at ta where no build-up
function is assumed. The total dose continues to accurmlate throughout the graph
on Fi-ure A-9, Heve, the horizontal scale for total dor: was again cut to half of
thet used in Figure A-8. The same fraction of removable fallout and effort
expenled are used in Figures A-8, A-9, and A-10.

Figure A-]0 shows how the graphs would look if decontamination took place

instantaneously. Otherwise ¥igure A-10 is the same as Figure A-9.
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Dose Rate (roentgens/hr.)

Figure A-4

Analog Record of Dose Rate and Total Dose as a Function of Time

for Case 1

Legend

ta = instantaneous time of arrival of fallout (no buildup).
ty = time when decontamination begins.
(tl, t2) = interval of time for which total dcse is calculated.

Thus,

0 t < tl
t
H(x)x"1 2 4x t, < t< ¢t
1 -~ - 2
t
1
Dose =
t
2 1.2
H{x)x dx t > tz
Y
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Figure A-5

Analog Record of Dose Rate and Total Dose as a Function of Time

for Case 11

Legend
t = time of arrival of fallout (nmo buildup).
td = time when decontamination begins.

(tl, tz) = intervel of time for which total dose is calculatad.

Thus,
0 t < t1
t
H(X)t-l'z dx t. <t < t
¢ 1 - - 72
Dose = 1
.t
2H(x)t. 1.2 dx t > t2
t.
L
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~ . Dose Rate (roentgeqsihr;)

Figure A-6

Analog Record of Pose Rate and Tctal Dose as a Function of Time

for Casze II1

Legend
ta = time of arrival of fallout (no buildup).
ty = time when decontamination begins.

(tl’ t?) = interval time for which total dose is calculated.

Thus,

Dose =

"f"""“”f"” -~ VI G G U S ST S R R Y




Dose Rate (roentgens/hr.) w7 —-i— -
- - - T g yrun R, R, U U 1

Figure A-7

Analog Kecord of Dose Rate and Total Dose &s a Function of Time

for Case IV

Legend
L, = time of arrival of fallout (no buildup).
td = time when decontamination begins.

(tl, t2)= interval of time for which total dose is calculated.

Thus, 0 1

Dose = 1
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‘Total Pose (roentgens)

ps

Dose Rate (roentgens/hr,)

k.
Figure A-8
Analog Record of Dose Rate and Total Dose as a Function of Time
for Case V
Legend
ta = time of arrival of fallout (no buildup).
td = time when decontamination begins.
(t:l, t2) = interval of time for which total dose is calculated.
Thus, 0 €< t1
t
fﬂ(x)x-l'z dx tl <t< t2
Dose = t1
2 -1.2
f‘ﬂ(x)x T odx L > t2
3|
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»i;IQtal,Dose (roentgené)" 14//

e

""Dose Rate (toentgens/hr.)

Figure A-9

Analog Record of Dose Rate and Total Dose as a Function of Time

for Case VI

Legend
t8 = time of arrival of fallout (no buildup).

td = time when decontamination begins.

Total dose is calculated from ta to any time t .

Thus,

0 t<t
= "a
Dose =
t
J‘H(x)x'l'2 t <t<w
¢ a
a
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Figure A-10
Analog Record of Dose Rate and Total Dese as a Function of Time

for Case VII

Legend

ta = time of arrival of fallout (no buildup).

t, = time when decontamination begins.

d

Total dcse is calculated from ta to any time ¢t .

Thus,
0 t<t
- a
Dose = t
-1.2

H(x)x dx t, <t <

t

a
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V. AN ELABORATE MODEL

Although quite adequate to demonstrate feasibility, the limited analog
model described in Section III is not suitable for complex decontamination prob-
lems. A more elaborate model with less aggregation of variables and a capacity
for handling a larger number of contaminated planes is necessary. The basic
system equations, however, remain the same for the larger analog model described
in this section.

As in the model already implemented and described in Section III, decontami-
nation is measured by a "graph” of dose-rate (radiation intensity) at some detector
tocation of interest. Total dose is measured for selected time intervals at the
same point. Complex buildup functions can be used to simulate the initial stages
of fallout arrival. The number of contaminated planes which can be considered for
a given detector, as well as the number of detector locations, is in theory,
unlimited., A practica: limit on the numbers of analog components would limit the
number of contaminatec planes to 20 and the number of detector locations to three.
By appropriately using relays and switching circuits, the total dose received by
a person changing environments instantaneously (such as moving from indoorc to
outdoors) could be simulated.

All functions (log, t-l'z, etc.) can be quite accurately simulated by using
suitably adapted function generators. This will improve the precision of the
simulation.

Furthermore, a quick-response capability could be included to serve as an
analysis and training tool. This s accomplished by using manual over-rides
which permit the operator to apply cecontamination efforts on the basis ol graphs
which pertray previous decontamination efforts during the same run,

A technical description and flow diagram of the more elaborate model is

included in Chapter VI,
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VI, A TECHNICAL DESCRIPTION OF THE ANALOG DECONTAMINATION MODELS

A. Calculations to be Performed

The calculations to be performed by the computer are expressed in Equations
A-5 and A-6;

A,S -(t - tu)

n
. s i ’1-2
Rt) = l-u(t-t,)C e ————== t
' = 2
i=1 % LN Ty Cn,
2
+ x In 1+° S t-1.2
w2 s (A-5)
t2 -
D(t) = [ R(t)dt =] wv(t; tl’t2) R(t)dt (A-6)
t o
1
where the symbols are defined as follows:
R(t) = dose rate in roentgens per hour,
D(t) = dose (normalized units) in roentgens,
n = number of contaminated planes considered,
h
Ai = area of i" contaminated plane in square feet,
r, = distance from detector to centroid of ith contaminated plane in feet,
Si = shielding factor for ith location (C < Si 5}1),
K, = constant for ith contaminated plane and a particular decentamination
. method, e
Ei = effort applied to ith coitaminated plane in man hours/1000 sq ft,
. -K.E
CE = effort coefficient =1 ~e "i'1i,
i
C = fraction of removable mass for ith contaminated plane,
m,
1
Ty = decontamination time constant,
o) = effective radius of surrounding contaminated plane (roof or detector
surface),
h = effective height of surrounding contaminated plane (roof or detector

surfare),

= shielding factor for surrounding contaminated plane (roof or detector
s surface),
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tlt2 = integration limits for dose D(t).

The function u(t-t1 ) 14 a unit step function which has the values:

i
u(t-t, ) = 0 T o<t<t
11 11
= 1 t; St<e
i
The functioa v(t{;t,,tz) has the values:

v(t,tl,tz) = ( 0_<_t<t:1

= 1 tl_(:t<t2

= 2 t, St<w

A functional diagram showing the calcilations to be performed is shown in Figure
A-11. Only one of the n identical channels (each channel corresponding to a
single contaminated plane) is shown. For n areas, the calculations represented

within the dotted outline will be repeated n times,

B. Range of Constants, Parameters, and Variables

The units of the various quantities and the expected ranges of these quantitic -

are ligted below:

SYMBOL UKLTS RANGE
R(t) r/hr -
t hrs <4336 (1000)
n dimensionless 1-10
A ft2 100-100,u000
r ft 10-500
5 dimensionless -1
CE dimensionless 0-1
K ft2/m3n~hour .1-5
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STMBOL UNITS RANGE

E man hrs/1000 £t .01-1
Cm dimensionless 0-1
7 hr! 10-0.1
t hy 10-1000

1

i

0 ft 10-200
h ft 1-100
SS dinensionless 0-1
tz hr 10-1000
tl hr 10~1000
D(t) roentgens -

For computational purposes the dose rate R(t) and dose D(t) are measured in

normalized units. To¢ convert to roentgencs per hour or roentgens, one point on the

dose rate curve misc be hand calculated, and the proper scale factor determined.

(e}

C

omputer Scaling

1.

Choice of Time Scaic

The time range of major interest is from 24 to 336 hours. For convenience,
the computer t° = scale, tc, may be chosen sc that one hour of real time,
t_, correspond: to .5 second of computer time. Time zero on tle computer

will correspond to time 24 hours ir real time. Thus:

1
tc =3 (tr - 24) seconds, (A-6)
where tc = computer tim. in seconds, and

tr = real time in hours,

2. Dose Ruate Scale

At tr = 24 hre, the dose rate R(t) will be assir .ed the valu: 100 in
arbitrary units. The computer scale fuctor for R(t) will be taken as 1

volt/unit. To convert froua arbitrary units to roentgens per hour, the scale
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factor is determined by hand calculation of the dose rate at tr = 24 hrs.
The dose D(t) will be scaled at .01 volt per arbitrarv unit to

prevent the integrator from overloading with long integration times,

3. Coefficient Scaling

For adjusting values of the various parameters that remajin constant
<uring a particular computer run, the computer potentiometers will be used.
In order to simplify the equipment requirements, it is convenient to group
certain parameters int. ‘.mensionless ratios where possible. These parameter
groups will tI- - be set into the computer as potentiometer settings. Addi-

tional coefficients are defined as follows:

>

c = —13 range .01 - 10
r

r,
i

i
2
CS =g 1ln 1+ ﬁf range 0 - 20

For potentiometers with dial divisions from O to 100, the following scale

factors are assigned to the parameters that are to be set on potentiometer

dials:
Coefficient Range Scie Factor
(units per dial Jivision)
Cr .01-10 .1
i
C 0-20 2
s
C 0-1 .01
Ei
C 0-1 .01
m
i
Si 0-1 .01
S 0-1 .01
s
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It should be noted that with additional equipment complexity, each value sucu

as r Ai’ etc. may be entered separately as a dial setting, and the necessary

in
multiplications and divisions accomplished by the computer.

4, Dynamic Range Requirements

In some cases, it would be desirable to simulate a time period longer
than 15 days. 1In increasing the time period of a single computer run, diffi-
culties may be encountered because of tue small signal levels that will be
present., For example, the function t_1'2 decreases by a factor of approxi-
mately 100 between 24 hours and 1100 hours. If the computer output were
initially set at 100 volts, the output at 1100 hours (550 seconds computer
time) would be approximately 1 volt if no decontamination had taken place.
This level is not too small; however, the signal level from each of the i
channels must be considerably less than 1 volt (with 10 channels giving equal
contributions, the signal level would be .1 volt). On certain computers,
the noise level prevents accurate operation at these low voltage levels,

In order to avoid the inaccuracies inherent in using low signal levels,
the best approach would appear to be to break the problem into time periods
of interest. If the period of interest were from 10 to 20 days, the computer
time would be scaled such that the problem starts at tr = 240 hrs instead of

24 as discussed previously.

D. Computer Diagram

A computer diagram to perform the necessary calculations is shown in Figure

A-13 where the symbols are defined in Figure A-12. A function generator generates

a voltage proportional to t—l'z. This voltage is adjusted to a value analogous to

the contribution of each of the contaminated planes by the potentiometers Cr s S
i
Cs’ and SS. The voltages analogous to the radiation received from each area are

i

surimed in a summing amplifier, and the resultant voltage is recorded on a strip

chart -ecorder.
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Cymbol

Name
€
Coefficient e, =
Summer e =
o
Integrator e, =

Figure A-12
Table of Flow Chart Symbols and Operations
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High Gain Amplifier e, = k 25 ks 106
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E e, = 0 unenergized
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To simulate decontamination of a given area, the relay Ry Ai is closed. A
time lag of the form e-t/Ti is introduced by operational amplifier #7, and the
original voltage is reduced by the proper amount by subtraction in amplifier #1.
The amount of voltage subtracted depends upon the effort coefficient and the per-
cent of removable material as set on the potentiometers CEi and Cmi.

To calculate the dose from the dose rate, an integrator is energized by relay

Ry B. This relay remains closed for a time period t, - tl, as set on the sequencing

2
function generator,
Note that the computer diagram shows only one of n identical setups that

must be patched into the computer.

E. Function Generatcrs

To simulate a function varying with time as t-l'z, several methods ave avail-
able, A conventional diode function generator with a linear time functior input
may be used. Anéther method is to use an x~y plotter as a function generator,
supplying a linear time function as a drive for the x axis, and reading out a
voltage proportional to t.l'2 on the y axis by means of a curve following probe.
The simplest technique, however, appears to be that of approximating t¢he t-l’2
function by a sum of exponentially decaying functions, For example, with three
exponentials, the t-l'z curve may be fitted by the sum at six points on the curve.
The exponential functions are generated very easily on the analog computer by
setting up an initial charge on a capacitor, and discharging the capacitor slowly

1.2

through a resistor, Figure A-14 shows the approximation of the t~ function

in the range 24-350 hrs by the sum of two exponentials as follows:

t Pl emem———

-1.2nu 4513 [.86 e—.0313(t~24) + .14 e-.00375(t-2é)]

The computer diagram for accomplishing this approximation would appear as shown

in Figure A-15 (.5 sec computer time = 1 hr real time).
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Figure A-14

Approximation of the Function of the Form t
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Indicates Initial
Capacitor Voltage

1.2

e ~45.3 ¢t
[+]

10 pfd

—VWWWMn_| For 24 < t < 350 hrs
13.4 meg

Figure A-15

Approximation of t-l'z Function

The functions u (t-ti) and v (t, tl’ c2) are generated by a sequencing device
which may be a set of motor driven cams. Switches are closed by the cams at the

desired time, and the proper relays are closed acg sh933~i? Figure A-12. Provision

must be made for convenient adjustment of the times t tQj;:;-:_T-?3?"rh!—mmnnun_

i’ 71 2

driven cams, n+l cams will be required.

F. Equipment Requirements

To set up a situation with 10 contaminated areas, the following analog equip-

ment will be required:

Quantity Iten
34 Operational Amplifiers
52 Dial Setting Porentiometers
(1) Function Generator t-l‘z

or (3) Operational Amplifiers (for

approximation of t-l'z function)
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Quantity Item
11 Relays

1 Sequence Function Generator
(11 Channel)

1 Dual Channel Recorder

A 40 amplifier analog computer should be sufficient for the 10 area simulation,
The sequence function generator may be construc.ed in the laboratory if a suitable
type cannot be purchased. To buy this equipment would cost about $40,000. Total

rental costs (including set-up costs) would be under $1,000 for a one year period.

e v —— i
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VII. CONCLUSIONS AND RECOMMENDATIONS

A. ggnclusions

The basic conclusion of this study is that the analog computer provides a

potentially useful and quite feasible tool for simulating and analyzing decontami-

nation operations.

The development and implementation of this first analog model of decontamina-
tion has pinpointed the areas of difficulty and the direction in which further work
appears most promising. The most difficult problem encountered was accurately
approximating the t°1'2 decay rate. This problem ic considered in detail in
Chapter VI; since a high-accuracy analytic function generator would be very costly
(about $1000), some form of approximation involving the sum of exponential functions
of the form Kle'Kzt is a practical compromise solution.

Even though a number of the problems associated with the simple modeol using
only one plane of contamination were 2 result of complex scaling necessary to keep
the range of variables within machine limits, future models, to be useful, must

include even more detail and so must use even more equipment. Thus, scaling will

become an increasingly difficult problem,

B. Future Work

Any future work must be undertaken in the lighc of the major difficulty found
in using the limited aualng model--the large amount of equipment required for an
adequate simulation. Nonetheless it i3 recommended that two major directions be
explored:

}J. The development of a larger more detailed simulation, but still with

simplified aggregation of variables where possible, end
2. The Jdevelopment of a quick response capability to serve as a ready

analysis and training tool.
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A Circular Medel for Approximating tiamma Ray
Intensity at a Detector location
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as Research Memorandum RM-OU-214-3%,
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D/D
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GLOSSARY OF TERMS

Intercept value used in the analytical approximation of
L (X,w) functions,

Vertical height of the detector above the source plane.
Total detector response at a standard reference position.

t
Gamma dose rate received at a detector from the k h annular
region.

Gamma dose rate received at a detector from the jth annular
sector of the kP annulus.

Dose reduction factor.

Height of contaminated annulus above the ground or reference
plane.

Total detector response for infinite plane isotropic source.
Generalized expression for the geometry factor.

Geometry factor describing detector response due to circular
plane sources of fallout radiation.

Fractional area of the kth annular region covered by the
cortaminated jt annular sector.

6
Total number of sectors in the k n annulus.

Slope value used in the analytical approximation of L (X,w)
functions.

Solid angle fractiom.

Effeccive mass thickness,

Height of kth annular region above the detector.
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A Circular Model for Approximating Gamma Ray
Intensity at a Detector Location

1, INTRODUCTION

The purpose of this appendix is to show the initial results of recent studies
directed toward the development of rather simple and practical procedures for
determining the gamma ray intensity at a point due to nuclear weapon induced
fallout, The consensus of those involved in this research effort was that if
such an approach proved feasible, it would result in a considerable reduction
in both labor and computer costs for those cases where appr:-."mate results are
considered adequate, In addition, the development of such an analytical tool
would be of considerable value in simplifying those tasks associated with the
ensuing analysis of decontamination effectiveness in municipal areas. This
research is a first step in the development of several alternative approaches to

a model for field analysis of fallout decontamination effectiveness.

In an effort to assure a reasonable degree of accuracy in the analytical model
presented in the following discussions, such pertinent. factors as gamma ray attenu-
ation, build-up, backscatter, and skyshine, are incorporated. Another basic
premise closely adhered to in connection with the development of this model is
that it be built around the familiar results contained in NBS Monograph 42

(Reference B-1).

The general notational scheme presented here, together with selected elementary
geometric considerations and the information contained in Reference B-l, provides
the basis for what {s called a "circular model”. This model is utilized to furnish
values of the so-called "reduction factor,™ D/Do’ due to arious planes of con-

tamination at different heights with or without the inclusion of barrier shielding.
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In particular, these planes of contamination are divided into annular sectors wit..

the detector located in each instance at the origin of the polar coordinate system.

Eo
i
S
P

z

The approach taken in describing this circular model is that of developing

initially the detector response for the single contaminated annulus zase (Section

I1) following with increasingly more complex annular geometries (Section III) and

terminating with a brief discussion on barrier sheilding considerations (Section 1IV).

Each of the annular geometric configurations utilized in the analyt{cal
development of the model required the extensive use of the L (X) and the L(X,w)
functions developed in Reference B-1. It was found during the course of the
investigation tha: the L (X,w) functions could be approximsted over their range
of greatest utility by simple analytical expressions (Section VI). In turn, such
expressions can be quickly ard easily evaluated with the aid of a desk calculator
and standard mathematical tables, or efficiently stored in a computer memory without

the necessity of lengthy subroutines,

The procedure for treating attenuation through barriers makes effective use
of the L (X) function and the Lc (X,w) geometry factor, through judicious choices
and combinations. It should be noted that considerable refinement of these
procedures and associated calculations may be necessary for situations near the

detector location at the origin of the coordinate system.
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II, SINGLE ANNULUS MODEL

The single annulus is chosen initially since it will permit the development

of the basic premises from which more complex geometries can later be described.

A, Complete Uniformly Contaminated Amnulus

In order to exprrss the detector response for the case of a single uniformly
contaminated annulus (see Figure B-1), it is necessary to first define the solid

angle fractions Wy g and w subtended at the detector by the contaminated

(k+l)a

annulus.

1. Solid Angle Expressions

From Figure B-1 we define first the solid &angle fraction Wya

subtended by angle aka as

©p, = 1 - cos aka’ (See Section V for d~rivation of solid

angle expressions} (B-1)
where
cos o = 4 . (B-2)
a 2. 2
{(ka) +d
Similarly,
Coprrya T LT 0% Fin)a '
where
cos O L—.—.-: , (B-4)

(k+l)a
#(H'l)z .2 + d2

B-3

(B-3)
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Figure 3-1

Single Annulus Cnoifguration
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2. Detector Respomnse

The detector response for the single annulus can be computed by
appronriate differencing of the geometry factor Lc(x,w) (see Figure B-2

and Section VI)for the values oftwka and w This differencing can be

(k+l)a’
illustrated in terms of the detector response fo: the uniformly contaminated
annulus in Figure B-1 as follows:

D -

X . 3 -
. T L® th R0 p41ya) L, (x,%)] , (B-5)

where Do 1s the detector response at a standard reference position*, and
Dk is the response due to the kth annulus. The function L (X) is graphed

in Reference B-1l.

It should be noted that all distanc:s d from the detector to the
contarinated plane of interest may be expressed in terms of effective mass
thickness (X) for the medium between the source and detector. For the case
of air (at 20°C” 76 cm Hg) as this medium, the following relationship may be

written (see p. 19, Reference B-1):

d/X = 13.3 Ft. of air/psf. (B-6)

The interchangeability of d and X as the penetration variable in thes2
analytical expressions is perwissnble with the use of the conversion facior

indicatad in Equation B-6.

B. Singls Annulay Sector Case

The anular sector shown in Figure B~l :epresents a fraction

¢ -

A AR ¢ P

‘D {s defined here as the dotecto: response at an unprotected position in an infinite
homog:necus air sediun located three {eet above & hypothetical fntinite plance source.
Thir source is ccnsidered to be <f the same character as the radiation fallout
wifomly distributed oo the contamination plane(s) being investigated.
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Figure B-2
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of the total annulus. Consequently, the detectnr response due to the jth annular

sector in the kth annulus is simply

Pm - )
C. 1tiple Sectors

For the case of N annular sectors comprising all the contaminated areas

of the kth annulus, the detector response is given as follows:

D Z D

k _ ..y Kj -~ A
Smm S Y o i m | ege)) - G|l @9
Do Do j=1

where Mj (see Section 1i-B) represents that fraction of the annulus covered by the

uniformly contaminated jth annular sector,
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III. MULTIPLE ANNULAR REGION MODEL

The following discussion outlines the expansion of the previously developed

concepts for a single uniformly contaminated annulus to that of the more frequently

Rt

s = encountered multiple annular region case,

The notation utilized in developing mathematical expressions for this model

E

will relate to the physical description shown in Figure B~3., The use of the

subscript, j , which refers to the (here) nonexistent annular sectors, is not

.. 4 w7
Bl o

i- required, but is retained for consistency in notation.
;

A, A Set of Uniformly Contaminate” Annular Regions

oy A e | —r

Detector Respcnse

HF SULEEE A
—

First it i3 necessary to determine the detector response due to the

kth annular region. This quantity is given by the expression

-

A -
S,

s

X
Do =L I"<: (z‘.«:’mkﬂ) ) I'<: (zk’ u>k)]

- d-hkj d'hkj
o5 = L 4
[+

O

)2

J 2 2
(k+l)” a +(d-hkj

HpRast

h A
1
[
g

: ) d-hkj, d-h
g f

ki ] LX) . (B-10)
2 2
J('kn) + by )

= & L is the height of the kth annular region sbove the detector.
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Multiple Annular keglons Loufigurat’'.n Showing
Uniformly Contaminated Region3 of Arbitrary Height
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2. Contaminated Regions of Arbitrary Height

With the kth annular region detector response defined, we next explore
a condition which has considerable practical usage when attempting to deter-
mine detector respouse in urban areas where radioactive fallout can be
considered uniformly distributed. It is desired to compute the detector

response to N annular uniformly contaminated regions of aribitrary height.

The detector response from a set of such annular regions is given by

k=N k=N
£ D ) )
Dokl f L L[ s S0
% D D el L 2 2 2
(o] [0} o = 2 (-
J(K+l) a + {d h(k+l)j)
SRR B SR L (X) . (B-11)

J(ka)z + (d-hkj)z

Here it is assumed that each annular region is not effectively '"shadow"
shielded by another. A more generalized analysis concerning mutual shielding

and barrier attenuation will be given in Section IV.

As a means of 111usttating the summing of the detector responses
assoclated with equivalent and uniformly contaminated annular planes of

different hkj values, the following example is included.

From the information provided in Figure B-4, an expression for the totail

detector response can be written as follows:

B-11




Figure B-4

Detector Response Due to Uniformly Contaminated
Planes with Different hjk Values




k=3
L Dy D, (d-h,) D. (d-h,) D, (d~h,)
I_)— = k=1 - ..1_.._1_ + _-Z_____z—— .’. ._l..———3_ R (B_lz)
D D D (h,+ 3) D (h, +3) D_ (h,+3) ’
o o o 1 o, 2 o 3
. 1 2 3
where D = D = D0 =D .
o, 0, 3 o
B. i t nifor ntaminated Annular Sectors for a Set Annu

Regions.

t
The detector response which is attributed to the j h annular sector of the

kth annular region may be defined by

. D, .
B&l = ML (X) L d hkj, d hki
o ]
2 2 2
+ + (d-
‘/(k 1) a (d hkj)
d-h. ., d-h
-1 kj ki
¢ 2 2
J(ka) +(d-hkj) . (B-13)

where M, is again the fractional area of the kth annular region covered by the

]

th
contaminated j  annular sector.

D
It is then apparent that the detector response Sk of the kth annulus is
D o
found by summing the Bhl expressions as follows where we let Pk be the total
o
number of sectors in the kth annulus:
=P j-P
D 3 D k
&£ £l ' “h e - - .
D, - b, - Hj LX) L, hkj'w(k+1)u) L, hkj’ “ea) | -
¥ 3 (B-14)

B-13
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By knowing the detector response for the kth annulus, it is now possible to

express the detector response for any number of such annular regions by

j=1 1*1

(B-15)
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IV, BARRIER ATTENUATION

One of the most common situations encountered in the analysis of contaminated
regions located in core areas of large municipalities is the frequent occurrence

of physical barriers between the detector and a contaminated plane of interest.

As an example of a rather simplified approach to the barrier problem, we will
consider here the case of two annular sectors of separate annular regions. The
heights of the respective annular sectors are assumed to be such that one is
completely shielded by the other. This particular case is illustrated in Figures

B-5 and B-6.

The gamma radiation dose at the detector from a shielded contaminated
annula. sector is essentially due to: (1) direct gamma radiation passing through
the barrier; and (2) scattered gamma radiation transported by various interaction
processes in air to the detector location. Here for simplicity the actual radiation
dose from a shielded contaminated annular sector will be approximated by

(see Figures B-6 and B-7)

D
ki . - . -
D Mj L (x) [ “c (X0 w(k"’l)ﬂ) LC (x! (L\ka) ] ) (B 16)

0

where X 1is the effective distance through the barrier. This approximation will
not be found to properly treat the scattered radiation contribution to the detector.
The functions L (X), Lc (d,w), and Lc (X,w) limit the detector response to a
circular area of "niform gamma radiation intensity whose center is on the perpen-
dicular from the detector to the pl ae ant separated by either a thickness of air d
or barrier thickness X (see rigure B-7). A numerical example of these considera-

tions is given in Seetion ¥1Il.
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Figure B-5

Two Annular Sectors of Separate Annular Regions -
One Sector Shielded From the Detector

e

1

Figure B-6

Detector Response From a Shielded Sector
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V. DZRTVATION OF SOLID ANGLE FRACTION EXPK&SSION

The purpose of introducing the concept of solid angle in this memorandum is
due primarily to the fact that the chosen direction for viewing the geometrical
configurations associated with the circular model is not limited to that of a
plane. As a result the more generalized notion of angle, i.e., solid angle, is

utilized in a somewhat modified manner.

One of the most common means of envisioning a solid angle is to draw a cone
from a point as the apex, Then the ratio of tha area intercepted by that cone on
any sphere centered at the apex to the square of the radius of the sphere is a
measure of the solid angle ) subtended by the cone. When measured in this
manner the unit of solid angle is called the steradian. Since the total area of
a spherical surface is éﬂRZ, the solid angle subtended by any surface which
completely surrounds a point cannot exceed 4n steradians. It is ther alsc
apperent that the maximum solid angle subtended on one side of & plane surface
is 2n steradians, On the basis of this premise, the unit of angular measurement
w adopted in this memorandum was chosen to be 2; steradians. This unit is
consistent with that found in Reference B-1l, where ; is designated as the 'solid

angle fraction" in an effort to avoid confusion in engular terminology.

By using the parameters indicated in Figure B-8, the derivation of the basic
solid angle frectinn expression found in Scction II-A-l of this appendix can be

obtained.

With the geometry defined as illustrated above, an expression for the area

{ntercepted on the spherical surface can be written as

B-19




Figure B-8

S$clid Angle Geometry
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A = s/gka 2y (R sin @) R da = -21tR2 cos

= ZnRZ (1 - cos Qia) . (B-17)

From the basic definition of a solid angle, the following relationship

is obtained.

Q. - i; = 2x (1- cos ) . (B-18)

Since our unit of solid angle is 2x steradians, Equation B-18 must

be rewritten in the following manner:

._951;_5 = l-cos q_ = o, (B-19)

where Mea i3 the so-called "solid angle fraction."
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VI. APPROXIMATE ANALYTICAL FIT FOR Lc (X,w) FUNCTION

It was discovered during the course of developing the circular model that an
anal ytical fit over a rather extensive range of values for the Lc (X,w) curve
found on page 41 of Reference B-1 is possible by emplcying an expression of the
general form:

DD, = L (%0) = oSeAX . (B-20)

The parameter S 1is obtained from the previously referenced curves by
applying the following familiar analytical relationship.

In L (X,0,) = lan L (X,w,)
§ = 2. 1 . (B-21)

in w, - ln W,

The parameter A is then calculated by solving Equation B-20 for A as
foilows:

A = (B-22)

The best analytical fit for the Lc (X,n) curve was achieved by obtain-
ing the Lc (X,w) values given on page 41 of Reference B-1 corresponding to
wy and w, values of 0.05 and 0.2 respectively and solving for the iatercept
at w = 0.2 for each X value selected. The numerical results of these
cilculations are presented in Tablz B-1, and the resultant curve is available

as Figure B-2 in this appendix.

It is apparent when comparing the L (X,w) curves developed here with those
appearing in Reference B-1 that the accuracy of the L (X,w) values obtained irom
Equation B-20) deterlorate rapidly due to the lack of convergence as w.>0. This
is particularly true for those values of v > 0.3 and w > 0.5 associated with the
Lc (X, ) function. It should alsc b: noted that thare are no restriciions associated

with this model that woul¢ prohibit the exclusive use of exact values L: (X, ) as
B-23
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TABLE B-I1

a ted ues S and A for Selected
Effective Mass Thickness Values
i‘e (xaw)
X ) A
fgkge 1.115 -0.396
7.33 1.137 -0.0531
22.6 1,042 -0.002655 ,
15,3 0.916 +0.00726 _J

B-24




VII., EXAMPLE

In an effort to demonstrate the type of situations best handled by the
circular model, and at the same time effectively summarize the analytical

methods presented in this appendix, the follcwing example is included.

The problem is that of determining the cetector response (reductinn factor)
dve to the contaminated annular sectors (&, !i, C) in Figure B-9. For the
purpose of illustration, an Mj value of 0.2 has been arbitrarily selacted for
each of the three planes of contamination to be invescigated.

Contaminated Sector A;

First we define the solid angle fraction @y subtended by ungle o by

(_L)k = 1 = COs ak ’ (8-23)
] where
cos o = — = 100 = 0.893 . (B-24)
2 2 2 2
y/(k) + (d) J(SO) + (100)

Therefore, W, = 0.107.

We can now convert the distance in air from the source plane into an
effective mass thickness value by employing the conversion factor provided

in Equation B-6 as follows:

. 100 Ft, N
X 13.3 Ft. of air/psf > 7.53 psf . (B-25)

The detector response for this case is given by the expression

DA/DO - MJ L (X) [LC X, "Uk)] . (B-26)

B-25
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d = 1G0 Ft.

hk - 70 Ft.
k - ‘ 50 Fto
= Ft.
k2 60
kz - 80 Ftt
5
hk

— K —
e T
‘ —
I(,L -
Figure B-9

Exszple Illustration

B-26




By substituting the values of Mj’ X, and w, into the previous expression

k

we obtain
DA/D0 = 0.2 L (7.53) [Lc (7.53, 0.107)] . (2-27)

Obtaining the Lc (X,w) value from Figure B-2, the detector response is

found to be

DA/D° = 0.2 (0.375) (0.054) = 0.00405 . (B-28)

Contaminated Sector B:

The expression for the detector response from the jth annular sector
of the kth contaminated annulus is derived in Section III and appears below

in only a slightly modified form.

DB/DO = Mj L (X) Lc d-hk, 1 - d-hk

2 2
(kl) + (d-hk)

- L d=h,, 1 - d-h
C

k’ k (B-29)
‘/(k)2 + (@h)?
In this case the effective mass thickness for air is
d-h
I SRS » .
X 133 Fc of = 2.26 psf . (B-130)
air psf

With the X value and the information provided in Figure B-9, we can

proceed to find the detector re:ponse in the following manner:
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D /Do = 0.2 L (2.26) L / 2.26, 1 - 30

B c
\ '/(60)2 + (30)>

-1 226, 1- 30
'/(50)2 + (30)2

= 0.2 L (2.26) Lc (2.26, 0.554) - Lc (2.26, 0.487) (B-31)

Here the L (X) and L (X,w) values are obtained from page 33 and page 4l respectively
of Reference B-1, since the  values in this case approach the limits of accuracy

for the approximation method described in Chapter VI. Finally,

DB/Do = 0.2 (0.57) (0.045) = 0.00513 . (B-32)

Contaminated Sector C:

In finding the detector response for Sector C, a barrier is encountered
between the detector and the contaminated plane being investigated. From the
discussion given in Section IV, we can express the detector response for this

barrier case as foliuvs:

= ( . - N - 7
D‘:/D° Hj L (X) [ Lc X, “Ukz) Lc X, LL-kl)] . (B-33)
The values for W and uy o are found by

W™ b ees g, ) - 100 - 0.162, (B-34)
{(60)‘ + (mo)2

and

-

J(so;z + 00?2

B-28

92 a« | - cos ka =1 - _100 = 0.2¢0 . (8-15)




The X wvalue chosen for the barrier is 75.3, which is equivalent to 0.523 feet

of concrete. By substitution of these values into the Dc/Do expression, we

obtain

Dc/Do = 0.2 L (75.3) [ Lc (75.3, 0.22) - Lc (75.3, 0.162)] . (B-36)

By using the values for Lc (X,w) in Figure B-2, the detector response for Plane

C is:

Dc/Do = (0.2) (0.038) [ 0.453 - 0.285 ] = 0.00128 . (B-37)

Despite certain limitations inherent in the circular model presented here,
the methods described can nroduce simple and practical approximate solutions to
many types of problems requiring lnowledge of gamma ray intensity, due to

weapon-induced fallout, at a single detector location.
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VIII, SUMMARY AND CONCLUSIONS

From the information provided in the previous sections, it is apparent that
the circular model is somewhat restricted in application. The principal limitation
is that circular or annular planes of contamination are a poor approximation to
most real situations. However, it may be possible in many cases to reduce nou-
circular geometr.ies of interest to circular regions of equal area. Of course,
such an innovation must be approached with caution since for certain configurations
the error introduced in the detector response due to radical changes in the
original geometry may be quite significant. (Of course, the "Engineering Manual"
azimuthal sector approach makes these approximations.) It is noted, however, that
this appendix represents but one of a series of different approaches to the over-
all problem of quick and efficient approximations to the gamma ray inteasities due
to fallout radiarion. Other approaches will not have the particular limitations

noted here.
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Appendix C

A Square-Grid Mode] for Approximating Gamma
Asy Intensity at a Single Detector Location

Note: The matorial in this Appendix was originally submitted to USNRDL as
Resesrch Memorandum RM~OU-214-4%,

' w R. Davis, M. K. Mou. J. T. Ryan, and T. Johneson. A S¢usre-Grid Model forx
t Intenadty ot 8 Civen Deteqipk lecstion. RM-OU-214-4
Durham, North Carvlina: Research Triangle Institute, Operations Rescarca and
Economics Diviaion, 30 April 1965.
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1. a Width of unit annulus.
2. A Intercept value of approximate L{X,w) functions,
3. D/Do Dose reduction factor (Dn.’D° is the dose reduction factor for

the nth annular region),

4o e The horizontal eccentricity ratio yi/xi

5, ﬂi The vertical eccentricity ratio lz/xil .

5. hij Height of jth square in 1th annulus above the base reference plane,
7. LX) Total detector response for infinite plane isotropiec source.

8. LX,w) Geometry factor.

9, La(X:ub The reduction in response which occurs if an isotropic detector

is replaced by a detector respo.ding only to gamma rays incident

within a particular cone of directions.

10. LC(X,ub The ratio of the detectrr response due to a concentric circular
area to the response due to fallout on an entire (infinite) plane

area.

11. 9y (L =1, 2, 3, 4) quadrant factor =

{+ 1 if corner i is in quadrant 1 or 3
- 1 if corner is in quadrant 2 or 4.

12, s Slope of approximate L(X,w) functions.

13. T(ei,ﬂ) Partial solid angle fraction.

14, X Mass thickness of barrier (or attenuation distance).

15, =z Perpendicular distance from detector to plane containing the

piane of contamination under analysis.

16, woor w Solid sangle fractions.

17, qu Solid angle fraction subtended by square annular region.

16, XYy (i=1,2,3,4) The coordinstes of the four corners of the square,.
19, The coordinates of the center of the jth square in the 1th
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A Sqg.-are-Grid Model for Approximating Gamma
Ray Intensity at a Single Detector Location

I, INTRODUCTION
A, Purpose

This appendix describes the development of a simple and practical procedure
for estimating fallout gamma ray intensity at a detector as a function of the
geometry of the contributing planes of contamination and related shielding. The
need for such a procedure arises from requirements for analyses of large municipal
areas with many contaminated planes and detector locations scattered throughout the
area. Conceptually, the "circular-model' procedure described in Appendix B is
simple to use, but accuracy suffers when the contaminated planes and barriers do
not have approximately polar symmetry about the detector location. A square-grid
model can accurately approximate real situations more easily sir.ce most planes of
contamination (and most buildings) are rectangular. Further, the square-grid
model can be applied easily to an arbitrary detector location with the use of

scaled map overlays.

B. Some Analysis Considerations
' A problem encountered during the development of the square-grid model was
i the increased difficulty in computing the solid angles subtended at the detector
; by the square areas Adjunct tc this problem is the subsequent determination of
i
L the radiation at a given detector location using Spencer's L-functions (Reference

C-1). A simple sector-type weighting as was used in the circular model is not

possible with rhe square-grid model.

The solid angles subtended at a given detector location by a square area can

be computed rigorously. For example, the solid angle « subtended by any square

c-1
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can be computed (Reference C-1) by the equation

w = k [qlf(el’nl) - qu(‘ztﬂz) + q37(‘3’ﬂ3) - qa’(‘aﬁﬂa)] (C-1)
where.
94 = +1 if corner 1 4is in quadrant 1 or 3
-1 if corner i 1is in quadrant 2 or 4 '
(xt,yi) . = coordinates of corner {1,
SR T VA P R
s el Lkl
zZ = perpendicular distance from the detector to the plane

containing the plane of contamination under anslysis,
and directly above the origin, and

r(ei,ni) solid angle of a rectangle with height 2z and corners at

(xi’yi)’ (-xi’yi), (’xi’-yi)’ (xi’-yi)'
A full discussion of Equation C-1 and the variables involved is given in Reference
C~1l. Unfortunately, when computing the solid angles for the situations considered
in this appendix, it was founa that the t(e,n) curves of Reference C=1 were not
sufficient for computing the solid angle w. This is because differences must be

taken between numbers of approximately the same magnitude. The 7 (¢,n) functioans

thus were computed from the analytic expression

1 ¢

"We 402 4y

T(e,n) = % tan (c-2)

C.  Ihe Yodel

The general program which was followed for the development of a model ror

approximating fallout gamma ray intensities at a detector i{s now described. The
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model is primarily aimed at the approximate estimation, in the field, of decontamina-
tion effectiveness., High speed computer programs are not practical in these
circumstances. Of course, building and area characteristics must be known
approximately. A general discussion of the model and the information required

for its application is presented next.

l.  General Method

The over-all approach tc the square-grid model for studying the
effects of decontamination of fallout radiation is based on the following

criteria:

(a) The techniques must enable local civil defense personnel in
the field to calculate the effects of large~scale decontamination of

municipal areas;

(b) The approximate techniques and procedures must not require

computers; i.e.,, graphical and tabular forms should be applicable,

As noted in Section II, the square=-grid model is used to estimate
the reduction factor D/Do for the various planes of fallcut contamination -
each at differing heighta, The planes of contamination are divided into
square=grid arcas, and the detector may in principle be located at any
arbitrary position, at height =z, The size of the square=grid sections was
chosen as 50 feet, ar area which is large enough that subsequent computations
are not unwieldy, but which is also sufficiently small to yield an acceptable
approximation of major contaminated plenes in almost any area. Consequently,
any plane of contamination in this model is approximated by 50 foot square
grids., An lrotropic detector is assumed to be located at a height z above
the center square grid. It is at this point detsctor that the reduction

factor D/D° of any given contaminated plane area {s computed.

Sincs there will in general be several planes of contaminacion at




varying ﬁeights, contributing to the fallout gamma radiation at a given
detector location, the analysis will functionally depend to a large extent
on the variable g, the detector height., By varying the detector height
above the ground plane, one can generate functions which can be used for
the analysis of the contributions of planes of contamination at various

heights.

In this model, the 2z dependence of the detector response is treated
separately from the other functional dependences. This is accomplished by
separately considering the detector response from planes of contamination at
each vertical height. The responses due to planes of coi.tamination at all heights
are then superimposed to obtain the total detector respcnse or reduction factor

D/Do at a given point,

The model will thus work as follows: A given plane of contamination at a
particular height is approximated by 50 foot square grid areas. The detector
is always vertically centered on the center of the center square in the
square~grid network. The squares are numbered as discussed in Section II.
When the detector response due to a given square is desired, the sclid angle
subtended by the square at %ne detector and the effective distance from the

square area to the detactor rmust be computed.

Oncé the solid angles are determined, the detector response due to this
particular square may be determined by use of appropriate curves. Every square-
grid area for the given plane of contamination may be so treated and the solid
argles, weighting functions, and detector responses (reduction factors) of
each of these squares may be tabulated. This procedure may be thern applied to
all other planes at another height, and so on. For tha square-grid overlay, one
then has a tsbulation of the unique (in the absence of barriers) detector response

*
for each individual square=grid area.

wif barriers are present, one refers to specially contructed tables and curves
that will be discussed in paragraph 3, Section II.
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D.

When the square-grid overlay is appropriately scaled to detailed municipal
maps (for example, Sanborn Maps), then the properly scaled overlays may be
placed over the maps and the contribution to the detector due to given areas
of contamination may be quickly assessed. This is accomplished by noting the
square~grid numbers of the areas covering the contaminated areas of interest,
determining the reduction factors D1/D° for each of the individual square

areas from the tabulated values, and summing the resultant individual

contributions.

Soptents

Section II of this appendix presents the explic’t formulation of the square=~

grid model including the necessary background material and mathematical expressions

used,

Section IV illustrates the use of the model with & concrete example. An

overlay grid is constructed and applied to a hypothetical municipal area.
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IJ. EXPLICIY FOPMULATIUN OF THE SQUARE=GRID MODEL

The notation used throughout this research memorandum is similar to that used
in Reference C-=1. The planes of contaminaticn are divided into 5C-foot square
sections (determined by a grid overlay) with the detector centered vertically over
any desired grid (chosen in each instance to be the origin of a rectangular

coordinate system).

The detectcr response due to the individual square lattice grids is then
computed using the L(X,w) funccions,* provided the effective attenuation distance
X and the solid angle ¢, are known. It should be noted here, however, that the
determination of the detector responses requires specisgl precautions since the
L(X,w) curves of Spencer are all computed for a contaminated plane which is
symmetric about the detector location. This is not the case with square-grids
in the square lattice model. Consider the situation depicted in Figure C-1l, If
one desires to know the contribution due to the square-grid in the upper right
hand side of the Figure, it is first necessary to campute the L(X,w) function for
the solid angle subtended by the entire square annular region enclosed by the
broken lines ip Figure C-1. Then an appropriate weighting must be applied to
estirate the detector response from the individual square=grid. This weighting is
not as simple to compute as in the case of the circular model wnare a simple propor-

tion was sufficient. Tho weighting acheme devised fc(r the square=-grid model is

flt was found that these functions could be approximated over their range of
greatest utility by simple analytical axpressions (Section Ill). Such
expressions cen be evaluated with the aid of & desk calculacor and standard
mathematicsl tables.
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discussed in Section TI=B,

B. Formulation of the Mode}

1.  Assumptions

The basic assumptions underlyirg the square=grid odel are:
(a) Each 50 foot square is contaminated uniformly;

(b) The gamma radiation dose received by tne detector from a shielded
contamingted square=grid is due to both direct gamma radiation

passing through the barrier and air-scattared gamna radiation;

(c) The detector response from disjoint sources is equal to the sum

of the contributions from the individual sour ves; and

(d) It is verified that the orientation of a squar. ~yrid with respect
to the detector location need not be considered. The distance
from the center of an individual 50 foot square to the detector
and the distance between lattice points provide the geometric
characteristics required in the coumputation of detector récponae.
This property is of considerable practical impertance to the
construction of simple graphs and tables for determining the
solid angle subtended at the detector by any lattice square as a

£unction of distance,

2. geometry

The square- lattice or square~grid model is constructed in a manner
similar to the circular model of Appendix B, The two basic differences

between the circular modal and the square-grid model lie in:

(a) The procedures for computing the solid angles, and

(b) The techniques for treating the gusition-dependent parameters
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used to compute the individual contributions of square~grids. The
lattice uses a unite=square annulus (Figure C~1); azimuthal sector

contributions are used in the circular medel.

Congider the labeling scheme for the unlt squares of the lattice indicated
in Figure C~2, 1In this Figure, the first number of a pair (i) in a unit square
identifies the unit~square annulus, The second number (j) specifies the
position of the unit square in the square annulus by indexing counter clockwise.
In addition, there is a third number associated with each unit square, hij’
ich specifies the height of a unit square above the base reference plane,

If we 12t a be the width of a unit ennulus, then the solid angle

fractions subtended by the nth square annular region is given by
Aw = 1 (xn’yn’z-hn) i § (xn-l’yn-l’z-hn) . (C=3)

The solid angle fraction subtended by a unit square is given by

= ¥ a - )
wij % [qlr(xij + 9 yij + 9 z hij'
- ‘ 3 -
qz T(xij 2.9 yij + 2: z hij)
- & -2 -
+ q3 T(xij 2! Yij 2! Z hij)
A -8 - -
where
- !
t(x,y,z = h) -% tan 1 (sl iy] ;
] :
@-mV¥ &yt (@=n)} (C~5)
X, Yy,
q = < | (C=6)
Yol i
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Figure C=2

Square=Grid Laveling Scheme
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and the coordinates (Xij’ and yij) are the coordinates of the center of the

o
i, §J square.

The above equations are essentially those presented in Spencer's

Monograph 42 (Reference C=l) on pages 68 and 69.

Differences in the LC(X¢D) functions tabulated in Spencer's Monograph
are appropriate to give the reduction factor (%—) for the square annular
o
regions described above. Of courge, the proper solid angles must be substi-

tuted in their arguments.

In this section, barrier shielding of contributing source squares is not
treated. This is treated separately in the next section of this report,
Barriers require the use of the La(X¢D) function in addition to the LC(X,w)

function, These functions may be approximated by simple functions of the form
m
L = Ap exp(BX) , (C-7)

where A 1is the intercept value and B is the slope of the curve (See

Section III).

In order to show specifically the scheme for computing the detector

response, Figure C-3 is used.

In terms of this notation and the discuassion of this section, it follows
D

that the En of this typical square uniform annulus region is given by
0
4 . ;) - , -
Do [Lc ()(n .wn) LC (xn_ 1"%=1 )] L(X) . (C-8)

Since there are 8n unit squares in the th square annulus (n 2 1), the

contribution of a typical unit square of the square annular region may be

c-12




Figure C-3

Square~Grid in nth Square Annulus
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written in the form

D w
& B s+ & . -
Do SnZ% [Lc(xn,j,wn) Lc(xn-l,J,wn-fﬂ L(X) (€-9)
where
' Lo _ 49
@ = 8n = 8n ‘ (C-10)

w
L. = i o= A -
The factor wnj/f(“ni 8nwn and W, AW~ Wy is the weighting which
corrects for the effective position of the different unit squares of a given

square annular region.

It is easily seen that the contribution from each square of a given
square annulus n 1is weighted according to the solid angle fraction it

subtends. The total geometry reduction factor for the whole plane is thus

. given Ly
Do . “nj i | )
D_ z % el IENCPTIE NCRy I (C-11)
or
R . _nl ) _
% 7 ? ey [LC(Xn’j’wn) Lc(xn-l,J,wn-l)] L (C-12)

In order to illustrate the wmanner in which the square-grid model is
applied, an overlay was constructed of 50 foot square-grid areas (.ee Figure
C-2). In order to us. the overlay for decontamination analysis, the reduction
factor, D/Do’ for cach of the 50 foot squares is required. The overlay scaled
to appropriate local maps could then be quickly and effectively utilized in
accessing the effects of large scale decontamination in a particular arca of

iuterest. In order to obtain the D/Do values, the solid angle of cach
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individual 50 foot square must first be determined. An appropriate weight is
then obtained by computing the total solid angie of the annular region in
which a particular 50 foot square is located; the solid angle fraction of the

individual squares may then be determined.

The individual calculations of the solid angles are quite lengthy. In
keeping with the spirit of the model, an approximate bﬁt.highly gccurate
procedure for computing the solid angles as a function of horizontal distance
is derived for various detector heights. Computations of the solid angles
of the 50 foot square-grids were made for appropriately spaced on-axis center
distances. (The on-axis case has desirable symmetry properties which simplify
the calculations.) To illustrate this construction, a defector height of
100 feet was used (z = 100 feet). Calculetions of the solid angles subtended
at the detector by the 50 foot squares were made for each of the successive
on-axis square-grids. Calculations for several off-axis lattice squares were
performed (e.g., x = y = 150 feet). It was found that the solid angles of the
50 foot squares depended (to & high degree of accuracy) only on the absolute
distance of the square lattice from the detector. With 2z given, the
dependence is a function of horizontal distance, Consequently, the curve of
Figure C-4 was drawn showing the approximate solid angle of any square lattice
for three detector heights. The solid angles read from Figure C-4 are given
in Table C-1 for z = 100 feet. The solid angle fractions ./A., used for
weighting tne L(X,w) functions are also given. These solid angle fractions
are computed by use of other calculaticns summarized in Teble C-II. “he
reduction factors D/D° (no barriers) for a particular square aanulsr region,
n, at 8 horizontal distance (X) from the plane of contamination is then given

by

D
< = L(X) [Lc(x""’n)' Lc(x"‘n-l)]

3
[N
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TABLE C-1

Solid Angles and Soulid Angle Fractions for

the 50 Foor Squares z = 100 Feet
Lattice W
‘ Number x (ft y (ft,) e Al L0 L(.6) LLc(7'6’uh?
0,0 0 203747 1,00 200632
1,1 50 0 .02775 . 1397 .00620
1,2 50 50 ,0212 L1077 .00478
2,1 100 0 .01416 0774 .00399
2,2 100 50 .0122 .0667 .00346
2,3 100 100 .0079 L0432 .00223
3,1 150 0 .00689 .0547 .00224
3,2 150 50 .00620 .0493 .00202
3,3 150 120 .0046 .0366 .001506
3,4 150 150 .0032 L0254 .00104
4,1 200 0 . 0036 L0421 .00148
4,2 200 50 . 0034 .0397 .00139
4,3 200 100 .0029 .0339 .00118
4,4 200 150 ,0022 .0257 .00090
4,5 200 200 .0014 .0187 .00066
5,1 250 0 .0022 .0366 .00107
5,2 250 50 .0021 .0350 .00103
5,3 250 100 .0018 .030 .00087
5,4 259 150 L0014 .0233 .00068
5,5 250 200 .0010 .0167 . 00049
5,6 250 250 .00079 .010 .00029
6,1 300 0 .00127 .0288 . 00051
6,2 300 50 .00120 .0272 .00048
6,3 300 100 .00105 .0238 . 00042
6,4 300 150 . 0608 .0182 .00033%
6,5 300 200 . 00063 L0143 .000253
6,6 300 250 . 00045 .0102 .000180
6,7 300 300 . 00040 .0091 .000157
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TABLE C-I1

Solid Angles Subtended at the Detector (0,0,100')
by the Square Annular Kegions Centered at the Origin

l w dw=w-w
are Annular Region n n_n-}1

n = 0 0.0375 0.0375

). 0.2344 0.1970

2 0.4135 0.1830

3 0.5436 0.1261

4 0.6292 0.0856

5 0.6892 0.06C1

) 0.7333 0.0441

These reduction factors for various annular regions are given for z = 100' in
Table C-ILI. With this information, the contributi-- (and hence the effect of
de:ontamination) of each of the square-grid areas shown in the overlay diagram
(Figure C-2) can be tabulated. Cons2quently, the overlay can then be placed on
a scaled city map and the direct contribution of any area can be .2sily
dectermined from the tabulated contributions. A table of contributions can ue
prepared for any desired detector height, z. For large-scale ccnsiderations,
the 50 foot square areas are small enough to be linearly divided fo. partial

contributions with little error.

TABLE C-11
Solid Angles Subtended ar rhe_Devector (U,0,100')

by the Squar¢ Anpyleg Regivns (eptered at the Origin

F \ | , D /D = L(7.6)AL (7.6, ,
L) Y . k4

n o= U 0.00063

t 0. Qadd

J O U5

3 Q. 06Uy

o D.u351

5 U2t

g 6 0.017%




3. Barriers

An approximate treatmeat of barrier attenuation and scattering is now
considered. Since the model is constrained to stay within the framework of
the results of Spencer (Reference C-1), a formulation is developed in terms of
Spencer's Lc(x,u) and La(x,w) functions (Reference C-1). Here, the detector
is assumed to be located in an open area. However, this assumptior Aoccc not
restrict the application of the model Lo regiuns in which the detector is in
an open area. If the detector is in a structure, it will be necessary to
analyze the shielding by that structure. Procedures both approximate and

more detailed are available for this analysis (Reference C-2).

The purpose of this section will not be to enter into the treatment of
barrier problems in general. Rather, the purpose is to characterize the
treatment of barriers in a manner that is ccasistent with the approximate
character of the over-all model and which is simple encugh to be practical
for field applications. The formal treatment of barriers in the spirit of

the above discussion is first considered.

Consider the contribution Dnj/Do of the jth unit square of the nth square
annular region to the detector located at the point (x=0, y=0, z) in the

absence of any barriers:

-

. -ni . ; L(X c-13
Dnj/Do Qpn Lc(xair;ﬁn) Lc(xair’“h-l) (x) ( )
whera2 X is the effective mass thickness uf air between the detector and

air

the source plane. If barriers &rc present which intersect the solid angle
. tt .
cone subtendcd 4t the detector by the n,) ! square, the direct and the
scattered components of the radiation are sffected. With intervening
th
barriers present {n the n, n~1l, ..., "=m  squarc ananular regicns, we have,

in principle, a total mass thickness ,x‘ , defined witih the respect 2o the

- .4

C-19




>4

t
n,g h square and the given detector location, t.e.,

= +
txn,g Efn,n,ixn,i * %an,n-l,ixn-l,i + eas f an,n-m,ixn-m,i +
i 3% "n,j,i14 Taiz .
] J’ ///
///
Iy /' e
Here the a are weightings which are most appropriat defined by the

n,n-m,1i
fraction or the solid angle (defined with respect té Tnj) intersected by the
.

barrier at the n,jth square., The last term of the abgw¢ expression treats
approximately the unobstructed fraction of the solid angle which is filled with
air It slould be noted that in practice tihere would probably never be more
tha: three terms, and, in general, fewer, in these sums over the mass thickness

parametars ¢f the barriers located in any square annular region.
after determining the mass factor, txn .y of the barriers shielding the
3.

n,jth square, an expression fc- the relative contribution, D ./D , may be
n,j "o

derived, With 4 obarrior of effective mass .nickness, txn 3 symmetrically
>

. t
surrounding the detector between the detector and the n h annular region,

2%/0 = L(X, ) [Lc(rxn’j,mn)- Lc(txn,j,mn_l)] . (C-14)

The fractional part (pn /A<un) (Dn/Do) is not the desired contri-

]

bution because this fraction:

(a) 1includes in a scatterxing contribution not actualiy present;

n,j
and

{b) does not irclude the scattering arou. the barriers of raaiztion

criginating {n “n,j'

Also, differences in the La(xn run) futictions canitot be used in theic

'3y
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usual form to compute this contribution because they include a large component

of scattering into %3 from the infinite plane beyond @ g and no contribution
’ iy

from the shielded area which scatters and arrives at the detector outside of

w .
n,j

However, by defining a function in terms of the La(x,w) in a manner
analogous to that in which Lc(x,w) is lefined in terms of L(X), we obtain a

function approximating the contribution from a given area.

._ wghy
et Lac(x’w) = La(xa‘t‘) - L(X) La(l"w’w)

This function eliminates the contribution of scattering into “n, 3 fror
?

the infinite perticn of the plane not included in Differences of the

n,j
Lac’ (i.e., ALac) include a scattering contribution into the solid angle Auq
from that portion of the source plane corresponding to the area defined by

the solid engle G The Alhc functions also include the direct contribution

1
from the plane into A“%f However, the AL.ac does not include a contribution
to the detector by radiation originating in Lo @pa1 which is scattered out
v @p T Oy and subsequent!y scattered back inte the detector.

These are approximately compensating contributi.ns and we will use this
function to compute the approximate contribution from barrier obstructed
source squares.* Cluarly, for situations where most of tlie radiation from
any gilven source square is unobstructed by barriers, this approrimation will
be adequate. When most of the mource planes are obstructed by very large

barriers, then (3.2) would be a better approximation. Thus, we take for the

~ t
spproximate contribution of the n,} h square source aresa with effective mass

*Hore exact =xpressions could be developed for this contribution; however, it
was felt “hat this effort would not be justified until after the potentiali-
ties of & square-grid point source model 1d been explored.

c-21
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thickness, txn j? the expression
H

D w
Y SR P §
D° h Amn L(txn,j) “Lac(txn,j,wn)
W l
= ) L(txn,j) [Ihc<txn,j’wn) B Lac(txh,j’wn-l)] :

(C-15)

We will show below that the values of (C-15) may be presented
graphically for a large range cf X. This represents a conservative approxi-

mation when most of the source squares are not obstructed by barriers.

The detector response due to a given contaminated 50 foot square area is

given by the function
£@)L(AL,

where ALac is defined by the relation

ALac = I‘ac(xl’wi.) i} Lac(xl’wi-l)

with

I : - L - X
Lee © 1(X) [L(X)La(xl’w) LG D La(l-w’w)]

The quantity f(w) is the appropriate weighting for & given square grid area
and is given oy w/4w. The function L(X)&Llc is highly dependent on the
barrier mass thickness X. However, for a given annular square, (i,i),
E(\h)L(K)‘:\L‘c 1s depcndent on the solid angle of the individual square only
through the quantity f£(.). The quantity f(.) varies with the position cf the
50 foot lattice in a given annular square {. Conseguently, the quantity

L(J").'n..\c nay be computad as & function of X for any given square annulus.

C-22
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Then, through the f{w) function, the reduction factor of each of the individual
50 foot squares penetrating a barrier of any thickness S may be easily
obtained, The function L(X)ALac as a function of X was computed for rings

0 through 6, and the resuits tabulated in Table C-IV. Figure C-5 also

presents these data graphically. It is noted that the variation of

L(X)ALac as a function of X 1is for all practical purposes a single
exponehtial. (The variations from the streight line on the semi-logarithmic
plot are well within the accuracy witn which Spencer's curves L(X) and La(x,w)

can be read.

Table C-1IV gives the values of £(w) - w/Aw for each of the 50 foot square-
grids through ring six. Although these weighting functions for any given
annular sector, i, vary from one square-grid to another, an average value
of f(w) for each ring can be obtained through the function Aw8i, where 8i is
the number of 50 foot square-grids in ring number i, The accuracy of using
the averagn solid angle for every square-grid in an annular ring is certainly
well within the general accurcy obtainable for the reductlon factor in any
problem in which complex barriers are present. Thus, we assign this average
value to each 50 foot square-grid in a particular ring. With this assignment,
the reduction factor of any square-grid through a barrier of arbitrary thickness
may be comvuted and presented ir grephical form. Table C-V presents the
necessary data frowm which Figure C-6 is drawn. Figure C-6 thus represents
the reductcion factor D,’D0 for che individual square-grid areas as a function

of the barrier mass thickness X.

Thus, the ease of readily superimposing the values of D/Do for the
variuvus square-grid areas for the case of air with no barrier {s now arried
completely over to the case with barrier. One needs tirrve ingredients: tae
barsier mass thickness X, the square~grid cyurlmy; and the graphical repre-
sentation of the functions fQQ)L(x}AL.C for the various rings, for cxample,

Figures C~5 and C-6.




TABLE C-1V

L(X)ALac as a Function of Barrier Mass Thickness X

LOOAL,  (X,0)
X Ring Ring Ring Ring Ring Ring Ring
psf 0 1 2 3 4 5 6
24 .00019 . 0054 L0214 .02788 | .02712 .01740 | .0068Y
72 .00014 .0054 .0109 .00802 .00399 .00197 | .0012(
144 .00007 .00164 .00205 .000864 | .00031 .00014 | .000113
216 .00002 .00037 .000371] .000105 | .00004 .00003 | .00002
288 .00001 | .00009 | .000061] .0000164 .00001 <107 | <107
TABLE C-V
Reduction Factors for the 50 Foot Squares as
a Function of Barrier Mass Thickness X
Au‘.\n
Dnj/Do - -g;L(X) Lac(X’J)
Ring Ring Ring Ring Ring Ring Ring
psf 0 1 2 3 4 5 6
24 7.12(-6* 1.33(-4] 2.44(-4| 1.47¢(-4 §7.25(-5| 2.62(-5] 5.31(-6
72 5.25(=6 | 1.33(=4| 1.24(-4} &.21(-5|1.07(~5 | 2.96(-6] 1.10(-6
144 2.52(~6 | 4.04(-5| 2.34(-5] 4.54(-6 |8.30(-7 | 2.10¢-7] 1.19(-7
216 7.50(-6 § 9.00(-61 &.23(-6| 5.53(~7 j1.07(-7 | 4.50(-8] 1.83(-8
- , . -9 -9
288 3.75(-6 2.22(~6 6.95(-7 8.62(-8 (2.68(-8 =19 <10
v r:

"
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Variation of L(XNALiC vs. X
For Ring i = J




Do for the

for Ring

Figure C-6
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Reduction Factor D/

Individual Square Grid Areas

as a Function of the Barricr

Mass Thickness
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The expression (C-14) which gives the total effective mass thickness from
the detector through the intervening barriers to the n,jth square-grid area
is in ;2neral quite difficult to evaluate. However, one can argue on physical
grounds, that, for the regions of interest in the particular applications of
this model, the computation of the effective mass thickness can be greatly
simplified. Indeed it is possible to show theoretically that the expression
(C-14) is approximately related in a rather simple manner to the effective
line distance from the detector to the n,jth square area for large distances
and barrier detail in keeping with the approximate character of this model.
Then, the total effective mass thickness txn’j can be practically estimated
as follows:

(a) Compute the line distance from the detector to the

.t
center of the n,j h square radiation scurce area;

(b) From considerations of the barriers (i.e., wall, floor,
roof, etc,, data) collected from eariier building
surveys, compute the eifective distance through which
the radiation travels in the barriers; i.e., simply
the thickness of all the walls through which the
radiation travels (note: the obliqueness cancels

when the area is nrojected to the vertical).

(¢) Add the effective thickness for each type oi barrier
material separately. Then use the formula for X
in conjunction with the material's mass thicknaess
table (see Reference C-1, p. 15) for each material,
then sum th~ X's for all the materials to obtain

*he total barrier mass thickness.
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III, APPROXIMATE ANALYTICAL FIT FOR La(X,w) AND LC(X,w) FUNCTIONS

It was found during the course of developing the circular model (Appendix B)
that an analytical fit over a rather extensive range of values for both the
La(x,w) and LC(X,w) curves found un pages 41 and 42, respectively, of Refercnce

C-1 is possible by employing an expression of the general form

D/]’:’Q‘= L(X,n) = u;s eAX , (C-15)
where s 1is the slope and A the Intercept for selected values of

X and w. The slope in turn is obtained by
8§ = In L(X,wz) - 1In L(X,wl) , (C-16)

while the intercept is calculated by solving Equation C-15 for A as

follows:

. Ao L(X.0) - s in g
A X

The best analytical fit for the LC(X.u) curves was achieved by obtaining
the Lc(x,.) values given on page 41 of Reference C-2 corresponding to “1 and

ay values of 0.05 and 0.2 respectively and sclving for the intercept at . = 0.2

for each X value selected. The same procedure was followed for the L.(X.J)
curves depicted on page 42 of Reference C-7. The slope in this case was

calculated for .., = 0.0l and ., = (.l while the intercept was obiained at

l
, = 0.1. The numerical results of these calculations are presented in Table

~

C-V¥1l, .nd the resultant curves sre shown in Figures C-7 and C-8.

It is apparent when comparing the L(X,.) curves developed here with those
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appearing in Referenée C-2 that the accuracy of the L(X,w) values aeteriorate
rapidly due to the lack of convergence as @ + 0. This is particularly true
for those values of w > 0.3 and w > 0.5, associated with the La(X,w) and
Lc(x,m) functions respectively. Despite the accuracy !imitations inherent
with this analytical approximation of L(X,w) functions, there is no evidence
that the approach would not produce the desired results when appropriately
used iu the square-grid model, It should be noted that there are no
restrictions associated with this model that would prohibit the exclusive use

of the exact values for La(x,w) and LC(X,w) presented in Reference C-1.

TABLE VI

Calculated Values ¢ s and A for

Selected Effective Mass Thickness Values 7

L (X, ' L_(X,0)
X s A X < A
1 1.125 -0,725 2.26 1.115 -0.396
5 1,055 -0.0950 7.53 1,137 ~0,0531
24 1,055 -0.9952 22.6 1,042 -0.002 55
72 0.975 +0. 00445 75.3 0,916 +0. 00726
144 0,957 +0, 004355
216 0. 954 +0,00361
288 0,939 +0. 00302
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V. AN EXAMPLE

Consider the situation indicaced in Figure C-9 below. We wish to explicitly

demonstra : the method o€ calculation of the Dn j/Do for several of the contri-
’

buting squares of the grid. Starting with the application of the overlay,
discussec in Section II-B (see Figure C-3), to the quadrant of the¢ idealized
scaled map shown in Figure C-S for all of the contributions D

n,j

can be obtained directly from the appropriiate overlay as discussed earlier. Of

/D° of the squares

course, the values will only be correct when the radiating source square contri-
buting to the detector is not éppreciably obstructed by barriers. In particular,
for the contribution of the 2,3 square (for a detector located 100' above the

origin) the value of the function D2,3
Lc(7.6,0.234)] = 0.00218 is immediately read off of the overlay.

/Do = (0.0366)L(7.6\[Lc(7.6,0.418) -

We now assume that an equivalent thickness of 2' of concrete for the building
blocking the contribution of square (3,7) has heen determined. Also, we assume
that an equivalent thickness of 1' of concrete for the same structure blocking
the contribution of its roof, square 2,5 has been determined. Then the effective

mass thicknesses of these barriers are given by (see Referemce C-1, p. 15)

Xy o = 2(z/A)pn = 2(0.5)(164)(2') = 288,

X, 5 = 2(C.5)(144)(1') = 144 .

The approximete Dn j(x)/D° for the sour:ce squares obstructed by barriers cannot
be read from the overlay because the L.c(x,m) function: leading to thias contri-

bution sre functions cf the various effective barrier thicknesses X present.

An important dut easy-to-apply approach has been discussed for obtaining the

terms Dﬂ j(X)/D° in Section Il, which employs & table and/or graph giving the
L]
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(The detector location is at (0,0,100'))

Figure C~9

Idealized Scaled Map (to be used in conjunction
with Overlay - see Figure C-3 and Table C-I)




values of the obstrucﬁed contribution of each source square Dn j/Do as a function
of the effective mass thickness X (see Table C-V and Figure E:-S). Using the
graph or Table C-V to evaluate 03’.’,(x = 2‘38)/Do for the example of this section,
we find D3’7/Do = 8,617 x 10'7. In terms of the discussion of Section I, the

formal expressions representing the approximate barrier obstructed contributions

of the source squares 3,7 and 2,3 (Detector location (0,0,100')) are given by

® -
I A - ~
D3,7/Do 5370 L(288) L‘c(288,w3) L“QZBS,mZ)]
L
and
-
W
D2,5/Do = wz'—'i"_wl L{144) i Lac(lM,:.azﬁ - Lac(lloé,cul)]

Using the information on the overlay relating to these solid angles we can

write

D /D°= (0.055)

3,7 L(288) [ Lac(288,0.544) - Lac(288,0.418)]

and

D2,5/Do = (0.077) L(144) [ L“(lM,O.M.B) - Lac(144,0.234)]

Then using Spencer's tables (Reference C-1, pp. 37,42) we find:

5}.-1 = (0.055) { (o.oooza)(o.ow)}
[+
D
.6.3...& - (0.077) {(o.ooes)(o.m)}
Q
or
-7
Dy ,/D, = 8.86 x 10
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and

-4
D, 5/D, = 1.54 x 10 .

0f course, these results could also have been obtained from a table of the

function I‘ac as a function of w with X as a parameter.
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V. SUMMARY AND CONCLUSIONS

It has been shown that a square-grid overlay technique may be used to analyze
the radiation dose contribution to a detector from individual planes of
contamination. Once these contributions are known, the effectiveness of
decontaminating any plane may easily be assessed., Data required for appli-

cation of the square-grid model are:

(a) A grid overlay with each square labeled in a coordinate
scheme (a 50 foot grid size is proposed with each square
labeled (i,}) where i 1is the square armulus containing
the square (i,j) and j 1is the position of the square
(1,j) in the annulus, The detector is vertically above

the center of square (0,0)).

(t) A map of the area under analysis which is of the same

scale as the grid overlay.

(c) Data on the effective mass thicknesses of structures in

the area.

(d) A set of tables giving the contribution from each square
in the grid to the detector located a given distance
above the plane of the grid. The tables are constructed

48 8 function of the detector height above the plane.

(e) A set of curves giving the effects of barricr shielding (as
a function of X) on the detector response for each square

in the grid.

The required tables and curves are deriv.d for a detector height of 100 feet

c-37




and a square-grid length cf 50 feet. It is shown for this case that the grid may be
approximated by a function of the disteace of the center of the square from the
center of the (0,0) square. Changing the orientation of the square with respect

to the detector produces only a very small perturbation in the value of the solid

angle.

It i8 concluded that when detailed maps of a standard scale are available
for an area (such as Sunborn maps) a asquare-grid overlay technique can offer a
practical tool for analysis of decontamination effectiveness. It is recommended
that data be derived for a useful range of detector heights (say 3', 10', 30', as

well as the present 100') and that the method be app’ied to some real situations.

Further work in barrier effects is required. A more refined approach to the

analysis of barrier effects should be sought.
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Appendix D

A _Point-Source Model and the Equivalent Planes Me!liod for
Approximeting Gamma Ray Intensity at a Single Le.ector

Location

Note: The material in this Appendix was originally submitted

to USNRDL qg*Research Memorandums RM-OU-ZI&-S* and
~0U-214-7"",

* T, Johnson., A Point-Source Model for Approximatiny Gamas Ray Intenaity
et a Given Detector location. JM-0U'-214-5. Durham, North Carolina:

Research Triangle Institute, Operaticons Recearcnh and Economics Division,
30 June 1965.

®* T, Johason. Equivalent Plares Method, aM-0U-214.7. [a:rham, North
Carolina: Resesrch Triangle Inatitute, Opurations Research and
Economics Division, 20 August 1965
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Ay
Ap
%Ap

Centered area

B (X, |h-z], A)

B (xo, !hi-zi,r)

ol
Bv(xv)

'
B, (Xv)

Cl(lhi'zl’ r,)

callny-2ls Ap)

GLOSSARY OF 1ERMS

area in square feet of the ith contaminated area
fraction of the vertical barrier voided by apertures
percent of the vertical barrier voided by aperturves

an area of contamination such that the line from the
detector to the center point of the area is perpendicu-
lar to the plane of the area

horizontal barrier shielding factor for centered arcas
horizontal barrier shielding factor for off-center areas
wvertical barrier shielding factor (no horizontal
barvier between source and vertical barrier)

veriical barrier shielding factor with horizontal
barr:: s between the source and vertical barrier

doge coniribution per unit area

dore contribution frum centered area

eccentricity ratio, length/width

height of the i"

area above reference piane

total dose from an infinite plane source of faliout
horizontal distance from the detector to the center of
the 1th area

solid angle fraction

horizontal-shield equivalent mass thickness in psf

vertical-shield equivalent mass thickness ¢n psf

height of detector above reference plane
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Appendix D

A Point-Source Model for Approximating
Gamma Ray Intensity at a Siagle Detector Location

I. INTRODUCTION

A. Purpose

This appendix presents a procedure for estimating the relative radiation dose

contributions at a detector from multiple planes of contamination. The two
objectives in developing this model are:
1. to provide accurate approximations to the relative dose contributions
by many different planes of fallout contamination, and
2. to reduce to a minimum the charts and t:bles, maps, equipment, and time

required to calculate the contributions to a given detector location.

B. Background

Two other models with similar objectives have been developed under this
contract. Conceptually, the "circular model" {Appendix B) is simple, and it
is easy to use, but accurate approximations are difficult to make when the con-
taminated planes under analysis are not segments of circular annuli. The 'square
grid model™ (Appendix C) can be used to approximate accurately the more usuail
geometric arrangement of rectangular planes, but application requires a suitable
scale map for use with overlayz of che grid. This point-source model presents
a scheme for approximating contaminated planes by the appropriately located
point-gsources of radiation. The point-source model is formulated such that
accuracy limits are known. Scale maps are not required, but only certain dimean-

sions; only & small number of concise charts are required for its application.

C. The Model

1n this model the detector and source point geometry are presented in cylin-

re v o -
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drical geometry. Since the detector is isotropic, the geomet.y reduces to two
distances. These are |h-zi, the vertical separation of the detector from the

source plane, and r , the horizontal separation of the detector axis from the

point representing a given contaminated area. Here h 1is the height of the source
plane, and z is the height of the detector, both above a reference plane., Figure D-1

illustrates this geometry.

Figure D-1
Geometry of Model

The shape of the contaminated areas to be represented by a point is of con-
cern. It is shown that for the area centered vertically below (or above) the
detectcr, a circle or square of a given area subtends essentially the tame solid
angle and thus ylelds the same relative dose. Off-center areas are all assured to

be squares, Off-center areas which are not square should be approximated as closely

as possible with squares, unless the maximum dimension meets the criterion of

Figure D-11,

D-2




It has been shown {Appendix C) that the orientation of a square area within {
a source plane does not appreciably affect the solid angle subtended at a detector.
Thus, to a good approximation the relative contribution by a contaminate¢ area to
a detector is a function only of the vertical height |h-z| separating source and
detector, the horizontal distance r f£from the center of the area to the vertical
detector axis, the size of the area, and the intervening shielding.
In this paper the relative dose rate, or reduction factor delivered to the
detector from a given area is developed. This relative dose rate for area i 1is

given by the ratio Di/Do where D, is the dose rate contributed to the detector by

i
plane 1 and Do is the total relative dose rate three feet above an infinite,

uniform plane of contamination. The reduction factor RF is then given by

RF = z D,/D
all planes 1o

The relative contribution from all areas beyond those analyzed individually may
bte obtained by subtracting the '"centered area" relative contribution, Figure D-3,
from the infinite plane contribution L(Ih-z|) given in the right margin of
Figure D-3.

A major consideration in the development of this model was the establishment
of the maximum area of a square which could be accurately represented by a point-
source at the center of the square. A criterion was devised and maximum areas
were calculated as a function of horizontal separation for several vertical
separation distances (|h-z| = 3', 10', 20', 50', and 100'). The criterion
establishes that for a square area less than or equal to the maximum area, the
relative contribution calculated on an area basis from Spencer's curves (Reference

D-1) are within 10% cof the contribution calculated from the equation

C(Ai,1hi-z[,rif - Cl(thi-zl S ALY (0-1)

D-3




where C1 (|hi-zl,ri) is the contribution per unit area ss a function of Ihi-z| and
ri and where Ai is the contaminated area in square feet.

The factors for the shielding effects of barriers between the source and the
detector are derived from Spencer's curves and other established sources (Ref-

erences D-3, D-4, & D-5)., They are presented in the standard form of multiplicitive

adjustments of the unshielded dose from a source.
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11, DEVELOPMENT OF THE POINT-50URCE MODEL

The analysis of the effects of decontamination of multiple contaminated

planes surrounding a detector usually presents unique cequiremenzs. This model
seeks to provide a concise, rapid method of calculating accurately the fraction of
the total fallout dose rate at a detector contributed by each contaminated area.

In decontamination analyses, the detector positions of interest are usually unpro-
tected or are in low protection factor structures., This is because decontamination
is most effective in hastening the resumption of operations in poorly protected
areas (Reference D-2). Shielding is treated in an approximate manner consistent
with its relative importance in the model and with the requirement of conciseness.
Techniques of the "Equivalent Building Method" (Reference D-5) and the "Engineering

Manual" (Reference D-3) are combined,

A, Areas Centered Opposite Detector

The area immediately below or above a detector is always of interest in
determining radiation doses. This area may be a major contributor to the dose in
the absence of significant shielding. 1In any case, the difference between a
centered areza dose and the infinite plane dose (assuming uniform, unshielded
contributions) is required as the contribution from beyond the areas which are
analyzed specifically.

1. Centered Circles and Squares

In this modei we wish to approximate the dose from centered areas by a
function of only area and detector height. If we arc tc eliminate shape as
a parameter, the most obvious concern is whether or not centered circles and
squares of equal areas contribute equally to the detector. Assuming that
the contribution from a rentered circle or square is a function only of
Jetector height and of the sclid angle subtended by the area, the desired

apprcximation of an e¢quivalence criteria between squares and circles is that




equal solid angles are subtended by equal areas at equal relative detector
heignts. Comparisons of solid angle fractions subtended are given in Figure
D-2, 1t is seen from this figure that for the range of areas and detector
heights used in this model, th~ solid angle fraction subtended by centered
circles and squares of equal area are equal within the limits of accuracy which
can be used in reading dose rate contributions from graphs. Thus, the dose
rate contribution from centered circular areas is taken as being equal to the
dose rate contribution from centered squares of equal areas, as is the
standard practice (References D-1 and D-3),

In Figure D-3 the relative dose rate contributions Cd from a contaminated
circular or square area centered above or below the detector is presented as
a function of area for several detector heights !hi-z|. These values were
derived in exactly the same manner as were Spencer's Lc (X,w) functions where
X 1is the equivalent mass thickness between the source and detector and w
is the solid angle fractior subtended by the source (Reference D-1). That
is, letting L(lhi-zl) be the total dose rate received at a deicctor located
lhi-z! feet above an infinite plane of falluut contamination of such intensity

that L(3') = 1, then

2 2
Cd(Ihi-zI,Ai) = L(|hi—z[) -1 (5/ |hi-z! +r, :) (D-2)

where

2
A = source areai = ri and

\/Ihi-zlz + riz - lhi-szl-wi.

Thus, Cd(fhi—zf, Ai) corresponds to Spencer's L(X)Lc(x,u) function. The
L(Ihi-q) values given in the margin of Figure D-] are the relative dose rates
from an infinite area of fallout contamination, A = », at a detector at

height |h -z] .
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2. Centered Rectangles

Areas encountered in practical situations are most often rectangular,

We shall thus investigate the maximum eccentricity of a centered rectangular area
such that the dose rate contribution is within a giver. margin of the dose
rate from a centered square (or circle) of the same are:.

A centered rectangular area ({.e., L/w # 1) will always contrihute less
dose to the detector than a centered square of the zame area. Thus by approx-
imating a centered rectangle by a certered square of the same area, one will
overestimate the dose contribution from the area and consequently will over-
estimate the effectiveness of decontaminating the ares, This means, of course,
that the dose rate overestimates should be kept to a small percent of the dos:z
rate contribution from the area. This overestimate of the relative dose rate
of decontaminating the centered area will mean that the reduction of decon-
taminating other areas will be underestimated. We shall establish bounds on
the error introduced sufficiently stringent tc insure acceptsble accuracy
in the application of the model.

Considering the precision of other factors in the total deccntamination
model, an error limit of ten percent seemed acceptable. The criterion estab-
lished below assures that the error in unshielded dose contribution introduced
by this approximation is less than ten percent.

Consider the two geometries of Figure D-4.

Tuls Tzif‘
Configuration Ceufigay tion
Yields V:e}dn ’
cJ:‘aA»‘As‘,‘) Cq-ih A;“)

Figure D-4

Approximately Equivalent Areas - Clircular Segments
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We gee that

A= 52

M= (Ap

AF = LA/

' &’.é&zlz

aﬂ§ r = 2 + > + 2
where
A = area of square 'center" of rectangle
A+ A = urea of rectangle

£ = width of rectangle
£ +Af = length of rectangle

Thus, the eccentricity e of the rectangle is

e = L%AE_ = 1 + .AAA . (D_3)

We have shown (Figure D-2) that the dcse from centered squares and circles of
equal areas are identiczl within the accuracy of the graphical data. There-
forg, let Ac denote the area A 1in a centered circular or square configu-
ration, and let AR denote the area A  in a centered rectangular configuration.
Thus, the dose rate from the area on the lefi in Eigu:e D-4 is Cd { [A+ AA]R).

Letting Aé -y r‘2 , the dose rate from the area on the right is

C.([A + =C.(A) + 54 Sy - A D-4)
allh+oh I = G +Tx [Gal8) - G0 (-
Since the areas are equal, we make the approximation

Cy ([A+ AA]R) = ([A +-aA]cs) . (D-5)
Now consider the way in which the off-center /A is approximated in Equation
-5, Figure D-5 depicts this approximation, and it is clear that the circular
segment approximation of £quation D-5 uses areas farther from the detector and

thus gives a low approximation to the dose rate from (A + AA)R.

D-10
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Figure D-5

Approximately Equivalent Areas - Circular Segment

Figure D-6 depicts the way in which areas are equated in the approximation

Cq (A +mlny=cC, ([A+n]). (D-6)

NN

NN

Yields Cd([A+NA]c)

Figure D-6

Approximately Equivelent Areas - Centered Square
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In this case it is clear that the centered square approximation, Equation N-6,
uses areas closer to the detector and thus gives a high approximation to the
dose rate from (A + AA)R . Therefore,

Cd ([A +'AA]c) 2> Cd (fA +'AA]R) 2 Cd ([A +'AA]CS)
and

Cy ([A+MA]) - ¢4 ([A+2al) € ([A+aal)-Cy ([a+mm] )
Cq (A +2]) C, (A +])

The dose from the rectangular area Cd ([A + AA]R) is then within ten percent
of the estimate Cd ([a + AA]C) if

Cq ([A+M]) -cy ([A+a8] )

cs 0.1 . (D-7)
Cq (la+a])

Satisfaction of Equation D-7 is thus taken as the criterion for the maximum
ecceniricity of a centered rectangle of area A + AA  to be approximated by
a centered square of area A + AA by using the dose curves in Figure D-3.
The locus of maximum allowable eccentricity e from Equation D-3, as
a function of total area, A + A, is derived as described belcw for the
detector heights of 3, 10, 20, 50, and 100 feet. To obtain a point on the
locus for a given height, the following steps are taken:
(a) an area A 1is selected for the center square
(b) incremental! A\'s are added to A and the ratio of Equation D-7
is computed for each fA
(¢) the maximum A satisfying Equatiom D-7 is found graphically
(d) che maximum allowable cccentricity € ax is calculated by
Equation N3 for the area A + pA.
The € ax velues thus cbtained are shown as functions of area A + AA

in Vigure D=7, The form of these curves is anticipated by noting that

Y

Lim { €y A+ A1) v €, ([A+.-11\A]c')} =0
Avd o

n-12




To Keep Dose Rate Error < 10%
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Figure D-7
Maximum Eccentricity Ratios For Centered Rectangular Areas
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since as the center square area increases, the dose rate from A approaches

the dose rate from the entire plane., And

Lim {Cd([A—!-AA]c) - ¢, (I +M*:s)} =0 ,

[a + )0

since a zero area contributes zero se te regardless of the "eccentricity".

B. Off-center Areas

As implied by the title "Point-Sou Mc :1", we wish to establish a scheme
to represent areas of contamination by } int : ources. There was no requirement

to introduce peint sources for centered areas in the previous section, For off-

center areas we shall establish criteria by which off-center areas may be represented

by an equivalent point source at the center of the area. Actually we will not use

point source data. To apprcoximate the dose contribution from the area, we will

multiply the area by the contribution per unit area at the center of the area.

This approach requires two sets of data for its application. First, the dose rate

contribution per unit area as a function of horizontal distance from the detector

is required for each detector height. Next, a set of criteria for the maximum
area which can be treated in this manner must be established.

1. Dose Rate Contribution Per Unlt Area

The dose rate contribution per unit area as a function of horizontal
distance from the detector was calculated for each detector height using
the equation

- ary lhe L
cd(lh 2Hhr +59) - €, (ih z|,r 5 ) (D-8)

‘1 (Ih-zf,r) = 2xelr

where
|h-z| = wvertical separation of detector and source area
r = horizontal separation of detector and center of source area

({k-2l,r) = contribution per unit ares at center of zource

0=-14
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Cd (lh-z|,r) = contribution from a centered area of radius r as
defined in Equation D-2, (the change of argument from
A to r is onlv for clarity in Equation D-8)
2xrAr = area between circles of radius rJ%E and r+%£

The function Cl(lh-zl,r) is presented in Figure D-8 for the selected |h-z|
values of 3, 10, 20, 50, and 100 feet.

The differencing in Equation D-8 to obtain these values must be accomplished
before the maximum allowable Ar is established. To assure the validity of
these values, the increments are chosen well below values which previous work
(Appendix C) and judgement indicated would be the maximum values of Ar.

These judgements are confirmed by the maximum values of Ar established below,

2. Maximum Area to be Represented by a Point

Since there was obviously some limit to the validity of the point source
approximation, the foilowing limiting arguments were devised. Consider the

convex function shown in Figure D-9,.

‘i(p‘é “

1(x)

Figure D-9

Approximations on a Convex Function
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Because of the convexity of the function, the tangent to f(p) at any point

touches the curve only at that point, and the chord from (f(r) at ra‘QE ) to

2
(f(r) at r+%£) intersects the curve only at the two end points. Thus,
Tt
£(rSE)+ f(:+‘2>£ )
f(r) Ar < Ar £(p)dp < Ar
) 2
2
and -
Jay o
j”"z" £(r4E) + £(rsE)
AF £(p)dp - f(xr) Aar < 3 ar - £(r) Ar (D-9)
X
2

which means that the error introduced in approximating the :ntegral by f(r)ar
is less than or equal to the difference between f(r) and the average of
(r5E) and £(ri5D)

The dose per unit area functions, Cl(lh-zl,r) are convex over most of
their range. The log-log scale of Figure D-8 obscures this fact, but the
general form of each of these curves is like that in Figure D-10 when
shown on linear scales. The value T such that r > L implies f(r) is
convex, is less than ten feet for all of the values of |h-z| < 100 feet. The
inequality (D-9) thus is used in establishing the criterion for maximum area
to be represented by a point. Only the convex portions of the C1 (ih-z!,r)

functions are used,

D-17




e — i —— — — v— — —

contribution per Unit Area C,(|h-r|,r)

Horizontal Se-aration, r

Figure D-10
Form of c, (|h-z|,r) Functions
As stated earlier, in accordance with our objectivé of making a slightly
conservative estimace of decontamination effectiveness, we establish the
criterion
Ar Ar
c (Ih-zl,r-é—) +c, (Ih-z|,r—*§—)

— - C) (Ih-z|,r)

2 ’
¢ (Th=zT,5) S (19

It has been shown that the dose contribution from an off-center square
area Ls insensitive to the corientation. Thus we set the maximum area to
be represented by a point located at its center to be a square of area
W2
Amax (Armax) , where AT ax is the maximum Ar satisfying the condition of
Equaticn D-10, and where r 1s the horizontal distance to the center of the

square area. For areas which are not square, the criterion should bz that

the maximum dimension is less than or equal to AL The locus of maximum

D-18




CC

square area to be represented by a point at the center is given in Figure D-11
for each of the detector heights 3, 10, 20, 50, and 100 feet, £ the area

does not meet the criterion, it should be subdivided into areas which do.

Shielding

In the previous sections we have considered only unthielded detectors. In

this section we shall obtain conventional multiplicative factors to account for

shielding. The cases considered are:

(a) horizontal shielding between the detector and a centered area
of contamination;

(b) horizcntal shielding between the detector and an off-center area
of contamination; and

(¢) vertical shielding between the detector and an off-center area of
contamination.

1. Centered Areas and Hcrizontal Barriers

The horizontal barrier shielding factor for centercd areas Bo is given
by the equation

c, (xo,lh-z|,A) i EP (X w)
c, (0,Th-z[,A) c, (0,9

B, (X ,|h-z[,A) = (D-11)

where
Xo = shield equivalent mass thickness in psf
|h-z| = vertical separation of detector and scurce in feet
A = area in square feet
w = solid angle fraction subtended by area A &t
height |h-z|
Co (Xo. ) = overhead contribution for the given x0 and o

(Reference D-3)
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Since Co(Xo,m) is a function only of the solid angle subtended, separate

graphs are not given for each |h-z| in Figure D-12. Rather, a nomogram is given

in Figura D-12 for converting areas at different !h-zl values to equivalent areas

at ih-z| m 10 feet. Essentially this is the same approach as that taken in

Reference D-5.

The B_ (Xo,lh-z!,A) values of Figure D-12 are used in the following manner

to obtain the shielded dose contribution from a centered area:

(a) find C, ({h-z{,A) using Figure D-18

(b) in the Figure N-12 nomogram locate the given area value on the A
scale (on the left)

(¢) draw a straight line from this pcint A4 through the given value of
'h-z| on the middle scale and contiwe to the A” scaie on the right
side

(d) from the intercep: of this line with the A“ scale, foliow a horizontal
line to tnhe curve for the correct Xo (if Xo falls between two curves,
an interpolation should be made)

(e) read the B (Xo,ih-zl,A) value at the bottom

(£) mitiply C; ([h-z|,&) by B_ (X ,|h-z[,A) to obtain ¢, (X ,[h-z|,A).
This would be the contribution from the centered area. Areas also
shielded by vertical barriers should be treated as off-centrer areas.

2. Off-center Areas &and Horizortal Barriers

The horizontal barrier shielding factor for oft-center areas B

01 is given

by the equation

8

8 (xo,lh»zl.t) -

. 2 ; L
c (X ,ih'!i,ﬁ(rﬁ )‘) -C (X ,’f:-zl,sf(fnﬁ‘)b)
¢ (O,ih~z§,z(t*§£)2) - c, (0,'hoz:,ﬂ(r—%£02)

o)

where the terms are the same as those defined for Sguation D-11, except that the

ares has been give. by a function of the horizontal separation of source and

dertactar.
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The values of B_ (Xo,lh-z|,r) are given in Figure D-13, Again, separate
curves are not given for each |h-z|. The C, (Xo,lh-zi,A) valucs are functions
only of the solid angle subtended by the Area A which is defined by r in
Equation D-12, The nomogram thus can be used for converting radii at different

|h-z| values to equivalent radii at |h-z| = 10 feet. The B,. values of Figure

)|
D-13 are used in analogous manner to those of Figure D-12. That is, to obtain
the shielding dose contribution from an area:
(a8) find Cl([h-zi,r) from Figure D-8 and multiply the value by the area
(a square area satisfying the criteria of Figure D-11)
(b) in the Figure D-13 ncmograms, locate the given horizontal separation
distance r on the r scale (on the left)
(c) draw a straight line from this point r through the given value
of |h-z| on the middle scale and continue to the r' scale on the
right side
(e) read the B, (Xo,lh-z|,r) value at the bottom
(f) multiply [C1 (|h-2z],x) ] A by B, (XG,Ih-zl,rL (1f there are no

vertical barriers, this is the contribution from that area.)

3. Vertical Barriers

As a rmultiplicative barrier factor for vertical barriers, we again need
the ratioc of the contribution with the barrier present to the contribution
without the barrier. First, the case for which no horizontal barriers exist
between the source and the vertical barrier is considered. The contributions
through the walls are obtained from values in "The Equivaleut Building Method"
(Reference D=5). To obtain these contributions, we find the proteciion factors
{PF) with no roof contribution (infinite roof weight) and we note that the PF
is the reciprocal of the ralative coniribution thriugh the wall. Thus we

obtain
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% =
cd(xv,A’) PF (=,0,8)
B (X)) = = . (D-13
v ‘v % o )
cy (0,40) PF (=X A')

Bv (Xv) = vertical barrier factor with no horizontal shield

between the source and tl=» vertical barrier

Xv = equivalent mass thickness, in psf, of the vertical barrier
* % 2

A = (2r)

r = horizontal distance from detector to the vertical barrier

The PF values in Reference D-5 are given for creas A* in values ranging from
100 to 100,000 square feet. Since these numbers include wall scattering as
well as direct attenuation, it is conceivable that the barrier factor Bv (Xv)
is also a function of the distance r*. However, the ratiov of equation L-13,
when obtained for the complete range of areas A* given in Reference D-5, shows
nc appreciable difference between the values cbtained for thke different areas.
That is, the variance introduced by reading the graphs of Reference D-5 was
greater than the differences in the values for different areas. Thus, a
single curve of Bv (Xv) ig given in Figure D-14.

If a horizontal barrier exists bLetween the source and the vertical
barrier, the curve derived from Reference D-3 for this configuration will be
used. This curve is reproduced in Figure D-. " as BL (Xv).

If there are apertures in a vertical barrier, corrections to the mass
thickness of the solid portion should be made before using Figure D-14. 1In
the configuration with an intervening horizontal barrier, the mass thickness
of the solid wall should be multiplied by the fraction of the wall not
voided by apertures. Thus,

X, = (1-Ap) X (D-14)
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where
Ap = fraction of wall voided by apertures
X = mass thickness of solid porcion of wall
In the coafiguration with no intervening horizontal barriers, correction
curves for apertures are presented in Reference D-5. However, a consideration
of their basis indicates that the correction curves of Reference D-5 deviate
somewhat from the form which they should possess (see Chapter III). Because
of this deviation, and since the corrections do not differ greatly for
different areas A*, a single "consensus'" set of correction curves will be
ugsed in this model, Figure D-15 presents the aperture correcticns to be
applied in this configuration with no intervening h-rizontal barrier. To
use these correction curves, compute the precent of the vertical barrier
occupied by apertures 7% Ap, and determine the mass thickness of the solid
portion of the barrier X ., For these values of % Ap and X , read from

Figure D-15 the value of Xv to be used in Figure D-14 to obtain Bv (Xv)‘
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111.  EVALUATION OF EQUIVALENT BUILDING METHOD APERTURE CORRECTIONS

Shelter Design and Analysis Volume II presents the Equivalent Building

Method of Fallout Radiation Shielding Analysis Design. The Equivalent Building
Method is based on the approximation of reducing a complex shielding situation to
an equivalent simple, solid-wall, single-story structure problem. For above the
ground, the basic structure assumed in TR-20, Volume II is a solid-wall, single-
stc 'y, square building. The wall height is 13 feet with the detector 3 feet above
the floor. The aperture sill heights are 3 feet, the detector height. Basic
gtructure areas of 100, 1,000, 10,000, and 100,000 square feet are used. For

each of these areas a family of curves which relate the protection factor to wall
mass thickness, with roof mass thickness as a parameter, is given. When a structure
varies from the basic case, an equivalent mass thickness is found from given curves
such that a standard structure with this wall weight has the same protection factor
as the structure under study. In particular, corrections for apertures 1re made
using Figure 10 of TR-20, Volume II, reproduced here as Figure D-16.

The purpose of this appendix is to examine the peculiarities exhibited by
these curves at mass thicknesses less than 100 psf. In Figure D-16, Ap is the
fraction of the wall taken by apertures; so let A; be the fraction of wall above
the detector taken by apertures, and let all apertures be above detector height.
Only the ground contribution Cg is affected by apertures in the exterior walls;

therefore, equivalent wall mass thickness is found by equating ground contributions
1
- ]
c APy X)) = C (0, XD
Since

J
aC (O,Xe)

<
aX 0
e

(Figures 1 through & of References D-} and D-5)
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os B e alBIGE

1
1] -
Cg(Ap, Xe) < Cg(O, Xe) == xe > Xe, (D-15)
Using the method of the Engineering Manual (TR-20, Volume I), we have
1 1]
o (9, X) =[G (w) + (1-4p) 6, (u)] [1-5 (X)]
)
+ l(l-ﬁ@) Gs(wu) + us(wL)] Sw(xe)E { Be(xe,ﬂ)
1]
+ap G () (D-16)
1 "
Given Ap < 1, and Ap < 1, then by equation D-16

1" 1
Cg(Ap R Xe) < Cg(Ap,xe) is equivalent to

(- B0, () [1-5,] -4 o, () SEY B +mc, (W) <

1 ] 1]
{- Ap G, () [1-8.1 - Ap G  (u) S.E } B, +Ap G, (u)

or
|}
Ap
D {ca () [1-B, + 8B ] -G (u) S, EB, } >
Ap
G - -G -
a (w) [1-B, +SB.]-G.(u)SEB, . (D-17)
1f
A;, = (O , then by equation D-17, Cg(A; , Xe) < Cg (O’Xe) if and only if
026, () Ll - B, + S, sc] - G, (u,) SEB,
or Ggluy) LB, *+ Sk, | Xy # 0. (D-18)
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R and
i

1] 1"
Now, for any Ap < Ap , satisfaction of condition D-18 implies satisfaction of

it 1
condition D-17. Thus, with Ap > Ap, if all apertures are above the detector, then
1" " |
" o "
Xg 2 X, <=>C (Ap , X)) < C(0,X) <m>C (hp, X)) < C, (Ap,X)

" 1 n oSyt
= 0, X < cg(o, X!) <=> X0 > X! .

1
For a given area, then Xé plotted to Xe with Ap as a parameter has the form of
Figure D-17.
0%
7 209%
407%

|
|
|
'
!
[
|
]
*
X
e

Figure D-17

Correct Form for Aperture Corrections

b
The crossover point, Xe , 1s given by the equality of condition D-18. 1In
condition D-18, for a given eccentricity ratio, the right side {s independent of
area and the left side is independent of Xe. The crossover point may then be

found as in Figure D-18.

=32




4%.87
4.44
3.80

3.78

e T T oy T sougue 18
1 t HLas et S Sousa suens T t+1
1t IS RS SRRET 081 1
+ )¢ 44 14414 PERLRNS sagbA @ 38Ree
+ 1 o~ e Lo d .ol - 1l
anee .4 pe [
+ 4444 4444 . O+ O O H
4 S .
! L+ 43 - Q] Ol O e
Yt i + S
4 pupes P 4 b+ ‘4]
u-{ - -4 - L= v
- 1] H ay .
‘f - 131 ~g1 59 ag
;] - i
Yt} + -+ ¥ [ e
3 . t 8 L+ ++ X -
T 3 pe
- o + it hat
. . ﬂ, Py + 1S538 foad oae >
o 0 SSROb igogd it 4o gt st -+ +4
,-#‘ C < + t PRRNS SPR N 2 "
I - T  + + e
4
. 4 4+
rped
1 o~ ¥ bt
o 1 v
-y + .
[P § erboferiiboierd g (RS SR R s P
it reR ] {30ss LRSI I3TTTISSES JOESEINELS SEoR SEINS $2323 SRR
| :
SHERY VN Yt ST 994 NG 9E SADhe
: 0 ot
] b
c 1 -'I s + +
} " o: 0:31 IS SRpS
+* ey r <4
[=9eY oo 4+ + gt + 44 -+
gane I8 404 LRJCRE2 09008 09034 90033 b¥5R¢ S04 {»- SPpUe [oges
1gsee N I8 SQ04 o oxiializiigee O S 10003 sovay BRO? Jranh ingss
N SERES tI-} Bt Sl s SRRt e AN IR YRR IO o a2 jopes
. 18e ya '..' o SR S2200 SRS ESER RREDY FRPRE POGEY SN NN SEGES SOBE
ot LS *f' N Y PSS PO YPCRS PRYRY PEDOY S INE NN SFTDE FA0es .
R8s I3 N- POS SURGE D& PN §
BEE S I IERES IR S oppe Y
BOSE FRTWY BN a90e a8, ™ RSN SRIN
1 1S3 2008 e IDRUY PRPDS PRGN
- b+ + Pt JES) PN SRDeY
. B SR RRRY PRESE SHe0e [EER3 SIRSS coods 2aags 200
pug o ‘w F% SRANY FRONS SO [RE3T LN conan snuss suane
|RR S8 B [RREY SRTRE YRg AR PRt JOREE JRNNS GRG0 SNRSS SRBge
SRSNIE S IODOS FONN SHSHS PR [P SPPES SENNE JREES PEEY
ol It R R TR creoforeppersatioiid, .,
PESeS yeoet SIS SRS SRS YSPE SHUSAS SRIPY FURES SSDBE SIS
OGS FRGE [N SOGGY SREBEY SOOI S - lee
SREGS TGN . YRS RENEY SREHE SAag IHESE MNDE SESRY 381 NEE SSSDe
SEDRG QGRS 34. 98 FROEE FROEN 22008 SDEDE SOSGY PREUE IGQRS BERSS PP
iy JRSEE AROHES puaNs ST SHSOE FERY SAGN .-
ISTET IRO0E SROEN SO0 0S S90S PUBES PEOSS SRR
SOGRS PSS SENGY SETNY FRHORE VOO 88
SORRE SEESE PRREY FROEE 3908 SRR
POTRS S92 1822 I RN I 1NN
JORSS S04 $954F PSS 34 58 SRS
ey SR ERY DEETE IR E SRR Y TR
EORY 2244% XTSI IITRE 1T poane
IREPS snta e v e
reeegrrorhrrsaferripeace ‘Pft
JSLST SORae SEDIY SORSE S84
S e IR 1 I
vagy JSOPE 22208 Sequa IRy FREgs Spgy
1S3 shrebrrerfive, b ' e
T+ chrrdrrrefererdricssdiote 4
+ ¥ rrovdrrivfreredrpreferbriostod
s 4 v MERS N SRS 2229 80008 SRR
(4 . +rifeye
2 . 1233
iy M
v by sdies Sgppe
laes 4§ vro o
|00 1 249 el
28958 O S99 sers
b SES00 S 4000 ¢04g 044G PRARY SOASE SESEE PANRS PRO) ver - Frracgrers
n—t-p devrpreesBoverbivecfecredagiy + rre e e reys §on erd
12202 2Na S 2R2T SRR I2RE IOTRS PRRS TRONS SRR I2RS IS 25 RS
b+ rvorferdrprrrvRrrergrose -Io.c I EE LR +ew EEas L e S5dds
. 194w sotps bapus gagwy guies spouy Saaed PSR SRRRS B, 437 IREE FESES FETE? $4 P
1R A S M N I I I IR T e soreferred
b4 sradbresis:rrBeresbe-voefireifarinfrerngrrir @i vesedri i BorarBeres
brigorrifier greiagareigrrerfarerBrrribrvasfin EETY ZEREY TETEY TREET
H ttifrorofrrrolorrrf: sofecenbeireBrrarforan I shbbperve
>4 331 $3322 15337 IRSRR SRR M3 1RIR1 IEEES SR verefrvangs s ey
H MITET FRESS SAE S N RIS IR IR TS SN Y A SRS SRue I2S89 SEN
var Feve dureofererprarefrored-oecsBiieiioins 2. S IR I
222222 ARES T EREES FEREN ST SRS RS ERERS PENES ERNENE T RIS rifrresgs 333 1XAd
s f}lv IEZIT ERERS ERES FEEEE EERRE ENERS RN RREES IEESE K TEE ZRENE N X332 TE83:
HE I I I I R I I TR IR ORI SR T SR YOO chranedr rine oo
NEEEYS I:', vero@irrabrbragry IR v reafa ihargir e
b pretpeeay Vs frbra H..I aksrrehe sefovrofrivafrrenfrn- forrrgrn yrrareeafirnzhut bl
{13+ 3¢ 10301 FEENS 34 1gset a4 I I I R e I
L4 3 & bbbBerprfrivefryeidpobofrren I A N I N I I A, I o
unn 2 3tpEE Fra2d g;u ey ie s@ryciprrrvprrrifrceaBRizirBacrsf o raefrrer W srgpianrBansidrag

203994 UWOTI9I3ID

3 A
g3
0

ai!“s+ g=1

p-33

80

60

50

49

30

Figure D-18

Determination of Points of Equality of Condition D-18




IV, AN EXAMPLE ANALYSIS

The application of the point source model is illustrated by a simple, but
fairly realistic example, Consider the decontamination situation of Figure D-19,
In this example the detector is located t!ree feet above an open area (a parking
lot or park, say) which covers a city block, Area I includes the parking lot and
the adjoining streets, Area II is the flat roof of a building one hlock loeng, 75
feet wide, and 15 feet high, Area III is another parking lot separated from the
detector by the building,

The detailed analysis of these three areas is shown in Table D-I, Pirst, the
centered area is analyzed; the analysis is very simple in this example since the
eccentricity meets the criterion and there :s no shielding, If this area does not
meet the eccentricity criterion, it should bz rubdivided and the off-center sub-
divisions should be treated as other off-center areas,

Since Areas II and III are quite elongated and the areas do not meet the
criterion of Figure D-11, they are subdivided into areas which are nearly square
(in this case exactly square) and which meet the area criterion in Figure D-11,
The data for Avea II with ]h-zl = 12 feet is interpolated between the 10 and 20
foot curves, Note that the horizontal barrier factor BO is off-scale on Figure D-12
and thus is carried as an inequality., Note also that the aperture correction for
vertical barriers is given by Xv = (1 - %%% ) X for Area II where a horizontal
barrier exists between the verticai barrier and the source, and i3 given by
Figure D-15 for Area 1II where there is no horizontal barrier.

In the application of the point-source model, a tabuiation sheet such as

Table D-1 will de found very useful,
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Exanple Ano

~ i -
re- [ jh-z| Avea E=L/W E<E Sub- | Suo-Area r Sub-Area ¢ (jh-z|r) C, ({k-z|,A) |MHorizontal | B, (s
: max Area < A 1 d Barrier X 0
e. Chart 3 No = “max Chart 8 ot : 0 | or
AA Char: 11 ac, (|h-z],r) (psf) By,
Chart 11 Chart 3 Char
Cha:
*
1 3! 16,000 1 Yes 1.1 16,000 - - - 5.70 (-1 0
1 12! 22,500 4,0 No 11.1 5629 265 Yes 3.6(-7 2,025¢(-3 25
11.2 5625 240 Yes 4,5(~7 2.53 (-3 25
11.3 5625 240 Yes 4.5(-7 2.53 (-3 25
11.4 565 265 Yes 3.6(-7 2,025(-3 25
1 33’ 30,000 3.0 No T11.1 10,000 340 Yes 2,0(~7 2.0 (-3 0
111.2 10,000 340 Yes 2.25(-7 2,25 (-3 0
711.3 10,000 340 Yes 2.0(-7" z2.9 (-3 ¢}
- -1
C70(-1 5.70 x 10
n.y?
crvucen AN . - e S o . W, TS -1 -




TABLE D-1

Example Analysis of Configuration in Figure D-19

Horizontal Eo(xo,[h-zl »A) cd x By, Vert. Barrier % Ap Aperture B", (xv) Coatribution Total Contribution
Barrier xo or or X (psf) Correction or Ccl x Bo X B:,, of Sub-Areas in
e (128D Each area = C
(psf) By (Xgs ih-z],m) AC, x By, X, *(1-750)% B, (X) AC, x By, x B 1)
Chart 12 or or Chart 15 Chart 14 or Acl x B
Char: 13 M
0 1.0 5.70(-1 0 0 0 1.0 5.70 (-1 5.7 (-1
25 < .01 < 2,0 (-5 25 20 20 49 < 1.0 (-5
25 < .01 < 2,5 (-5 25 20 20 .49 < 1.25°(-5
25 < .01 < 2.5 (-5 25 20 20 .49 < 1.25 (-5
25 < .01 < 2.0 (-5 25 20 20 .49 < 1.0 (-5 < 4.5 (-5
0 1.0 2,0 (-3 50 20 51 .275 5.5 (-4
0 1.0 2.25(-3 50 20 51 W15 6.2 (-4
0 1.0 2.0 (-3 50 20 51 L2718 5.5 (-4 1.72(-3




V. THE EQUIVALENT PIANES METHOD

The Equivalent Planes Method is based on the analyses of the previous sections,
The keys to the method are two limiting criteria, The first gives limits on the
length-to-width ratio (eccentricity) of an area centered above or below the detector
such that the dose contribution is within ten percent of the approximating dose
from a centered square of the same area, The other criterion gives limits on the
area of an off-center square such that the dose contribution is within ten percent
of the approximation given by the product of the area times the dose contribution
per unit area from the center of the square,

Shielding factors are presented for above ground detectors which are separated
from source areas by relatively light shields, These data should be most applica-
ble to decontamination studies, The dose contributions calculated are suitable
for inclusion in formulas for decontamination analysis,

A concise manuel, giving a step-by-step procedure for applying the Equivalent
Planes Method, is included at the end of this volume, Several data tabulation

sheets to be used with the manuel are also included,.

D-3%




VI, CONCLUSIONS AND RECOMMENDATIONS

It is concluded thai the point-source model can be a useful and realistic
method of analyzing fallout radiation contributions for decontamination studies,
The real keys to the method are the limiting criteria given in Figures D-7 and D-11,
The first criterion, Figure D-7, gives limits on the length-to-width ratio
(eccentricity) of an area centered above or below the detector such that the dose
contribution is within ten percent of the approcximating dose from a centered square
of the same area., The other criterion, Figure D-11, gives limits on the area of
an off-center square such that the dose contribution is within ten percent of the
approximation given by the product of the area times the dose per unit area at the
center of the square. These criteria are based on unshielded areas, In future
studies it wculd be desirable to investigate these criteria for shielded areas.,
Shielding factors employed in this model are obtained from well-known sources
(References D-1, D-2, D-4 and D-5). The approach taken is based on the premise that
above ground detectors which are separated from source areas by relatively light
shields are of primary interest in decontamination studies, If applicaticns
indicate that basement areas and heavier shields are of more interest, the model
can readily be extended, Probably it will be found necessary to generate data

for xo values between zero and 25 psf to fill in Figure D-13 since many '"curtain"

walls and light roofs have mass thicknesses in this range. The data are not avail-
able from Reference D-3, so they will have to be generated directly from Spencer's

data, Reference D-1,
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Appendix E

A FORTRAN Program for Decontamination Analysis

Note: The material in this Appendix was originally submitted to USNRDL as
Research Memorandum RM-OU-214-10.%

C. Dillard and J, Ryan. A FORTRAN Program for Decontamination Analysis.
RM-UU- 214-10., Durham, North Carolina: Research Triangle Institute,
Operations Rescarch and Economics Division, 31 August 1965,
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Appendix E

A FORTRAN Program for Decontamination Analysis
I. INTRODUCTION

A. General

This appendix describes a computer program written in FORTRAN v compute the
effectiveness parameters used to anaiyze municipal decontamination. The program
was written in FORTRAN 64 to be used on large scale computers such as the CDC 36370.
The program has been debugged and tested and has been used under OCD work unit 3233B.
For a given level of decontamination the program is capable of determining
both the reductions in dose~rate at specified detector locations and the re
ductions in total dose for persons spending prescribed amounts of time at
specified detector locations. Other parameters used in the analysis of municipal
decontamination, such as the PF's at the detector locations and the equivalent

%
PF's associated with the activities (without decontamination), are also computed.

B. Contents

Section II of this Appendix is a description of the computer program and
includes:

1. a list of the equations which are computed

2. the data input formats

3. the printed output formats

The basic equation defining the equivalent protection factor {s:

]
fI/Pl + fz“’z + ., .+ fn/Pn

EPF =

where fi is the fraction of time spent with protection Pi’




4,  the detailed flow charts
5. a card listing of the program with a set of sample inputs

6. a sauple output of the program,




I1. THE COMPUTER PROGPAM
A, Introduction

The CDC 3600 FORTRAN program computes the values of the following: the pro-
tection factor (PF) at each location, the equivalent protection factor (EPF) for
each activity pattern, the fraction (CF) of the total intensity prior to decontami -
nation at a given detector due to a particular contaminated plane, the intensity
reduction factor (RN) for each decontamination strategy at each detector location,
and the activity dose reduction factor (RNA) for each combination of activity and
decon. uination strategy at all detector locations.

Ca.culations are made from the following input data: Contributions (C) to
intensity at each detector location from cach plane of contamination the fraction
(f) of time that an individual spends at each detector location performing each
particular activity, the mass reduction factor (f) for each decontamination strategy,
and the key (S) to associate the appropriate value of F with each composite decon-
tamination strategy for each plane.

The program is designed to accept 2 maximum of twelve each: detector locations,
planes of contamination, activity patterns, composite decontamination strategies;
and twenty mass reduction factor values.

Tt.: equations used to compute the above paramaters are the following:

PF, = — 1 (E 1)
1 13

EPF, = — L F (E-2)

Si *—u

j=l (PFJ)

CF, = T (E )

ij p

i}'l i)

E-3




d
RNjh = 151 (CFij)(Fshi> (E-4)

RNAkh = (E-5)

where;

j identifies the detector location; d, the number of detector locations
j=1,2, ..., ¢ (d meximum = 20)

i identifies the plane of contamination; p, the number of planes of ~ontamination
1=1,2, ..., p (p maximum = 12)

k identifies the activity pattern; a, the number of activity patterns
k=1, 2, ..., a (a maximum = 20)

¢ identifies the decontamination strategy; s, the number of decontaminat.on
strateg’es, ; =1, 2, ..., s (s maximum = 20)

h identifies the composite decontamination strategy; c, the number of composite
decontamipation strategies. h =1, 2, ..., ¢ (¢ maximum = i00)

Cij identifies the contribution to intunsity at , detector location from ith
plane of contamination

fkj identifies the fraction of time spen. at detector location j perfecrming
the activity denoted ny k

F jdentifies the mass reduction factor (fraction of fallout remaining) for
decontamination strategv ¢

Spi identirizs whirh strategy ; is used to deconteminate plane { for composite

strategy h

B. Detsa Input Format

The first input card, identified by a 2 {n card column one, specifies the




number of values to be entered for each variable subscript in integer form (XX) as

shown below:

cc cc cc cc cc cc
1 2,3 4,5 6,7 8,9 10,11
2 x o oS« G
Id Ty ———
e d P a 8 c
t

Each value for each of the input variables Cij and fkj is entered on a separate

card and entered in sequence by row (Al,l’ A1,2’ A1’3,... Al,n; A2,1’ A2,2’ A2’3,...
Az,n; Am,l’ Am,2’ Am,3’ e Am,n)' Y
cc cc ce
2-10 1 2-5
):0.9.910,0.9.0X 4 X. X X
A R I"!'- R
Cij (Real Number derl fkj (Real Number)
t

The values for input variables Fg (up to twenty) are entered from a single
card. The first value, which serves also as the identification number, in card

columns 1-4 must always be 1.00,

E-5




cc cc ce cc cc cc cc cc cc cc cc cc
1-4 5-8 9-12 13-16 17-20 21-24 25-28 29-32 33-36 37-40 41-44 45-48

1.00 X.XX X.XxX X.XX X.XX XXX X. X X.XX X.XX X. XX X.XX X.XX

7/, Ff F F F F, F, Fg Fg Fjy Fyy  Fp

The values for input variable Shi (up to twelve planes) are entered by row,

each row completed in one card which is numbered in sequence:

XX XX XX XX XX XX XX XX XX XX XX XX

~am— Y Y4 o S Y aad e o A e~ Sean, A

Se.l Sh2 5t,3 Shoe Sh,s Shye Sh,7 Shee n,9 Sn,10 Sh,1a SuLp

Control Card:
Values of d,p,a,
s,and ¢,

E-6




C. Printed Qutput Format

D=XX, P=XX, A-=ZXX, XX, C=XX

Values of C(J,I)--
Detector PLANE NUMBER
Location i 2 3
No. 1 » XXX 19.9.6.0.6.0.0.0 ¢ 19.6.6.6.0.0.0.0.4 . .
No., 2 « XXXXXXXX 19.9.6.0.0.0:0.9 XXX XX .
No. 3 1:0.0.6.0.0.9.0.4 SOKXXXX XXX .
No. d 15:0.0.0.6.0.0.0:4 19:6.9.0.9.0:5.0.¢ » XXX

Values of FR(J,K)~--
Detector ACTIVITY PATTERN NUMBER
Location 1 2 3
No, 1 X. XX X.XX X. XX .« o+ e
No. 2 X.XX X.XX X.XX .
No, 3 X. XX X.XX XXX .
No. d X.XX X.XX X. XX

Values of S(H,I)--

X. XX X. XX X.XX

Values of S(H,1)--
Composite PLANE NUMBER
Strategy 1 2 3
No. 1 XX XX XX .
No. 2 XX XX XX
No. 3 XX XX XX
No. ¢ XX XX X

« XXXXXXXX

« XXXXXXXX

X. XX

X. XX

X.XX

X.XX

X.XX

XX

XX




PF(J) =

Detector
Location

No.

No.

1

2

No, d

EPF(K) =

Activity
Pattern

No.

No.

1

2

No,., a

CF(J,I) =

Detector
Location

No.

No.

No.

No.

1

2

XXXXL. XX

XXX XX

XXXX KX

XXX XX

XXX XX

XXX

1 2
X.XX XXX
X.XX X.XX
X.xXxX X. XX
X. XX X.XX

Check by summing CF(I,J) on eoach J.

LX XXX

PLANE NUMBER
3 4
X.XX XXX
X.XX X.XX
X.XX X.XX
XXX £.XX

XXX

E-3

XXX

P
. X. XX
.. X. XX
. - - X.}(x
. e X. XX

Should equal 1,

XXX




RN(H,J) =

Composite DETECTOR LOCATION NUMBER

Strategy 1 2 3 4 d
Ne. 1 X.XX R.XX X. XX X.XX .. X. XX
No. 2 X.XX X.XX X, XX X. XX .. X. XX
No. 3 Y. XX X.XX X. XX X.XX ... XXX
No. ¢ X. XX X.XX X.XX X. X .. X.XX
RNA(H,K) =

Composite ACTIVITY PATTERN NUMBEP

Strategy 1 2 3 4 a
No. 1 XXX X. X X. XX X.XX ¢ .o XXX
No, 2 X.XX X.XX X.XX X.XX .« .. X. X
No. 3 X.XX X.XX X.XX X. XX e e s . XXX
No. ¢ X. XX X. XX X.XX X. XX .« o . X. XX

E-Y




D. Detailed Flow Charts of Computer Program

PRINT
GLOSSARY

DIMENSION C, £, F

PRINT
ERROR MESSAGE

PRINT
ERROR MESSAGE

SET K|

O




READ CARD
ICK, £,

j=j+1

-T— )

PRINT
ERROR MESSAGE

f=itl 1—

E-11

ot

-~




"READ CARD

TCK, NUM(M) 8,

i=i+l

h=h+1

L]

YES
EJECT PAGE

PRINT VALUES )
d p,a,s,and ¢
H

TRIPLE
SPACE

PRINT
"VALUES OF
c(J,1)--"

DOUBLE
SPACE

PRINT
"DETECTOK. , .
PLANE NUMHER"

Loc At
1,20,

NT
TON. ..




Q

SET j=1

SET i=1 J(
DOUBLE
SPACE

< PR ’.‘
INT Cij

NO '

i=i+l

j=j+l1

YE

TRIPLE
SPACE

PRINT
"VALUES OF
FR(J,K)--"

DOUBLE
SPACE

FRINT
"DETECTOR, ..

ACTIVITY PATTERN
NIMBER"

PRINT
"LOCATION, ..

1,2 'eee,a

SET j=! ]

T

£-11




£

Y YES
 TRIPLE

SPACE -

PRINT
"VALUES OF
F(L)--"

PRINT
WALUES OF

S(H,1)e-"




DOUBLE SPACE

" PRINT
"COMPOSTIE. ..
PLANE NUMBER"

DOUBLE SPACE

E-15




- [

SUMCIJ =

SUMCIJ + C

i]

YES
EJECT PAGE
PRINT
"PE(J) = "

DOUBLE SPACE

PRINT
"DETECTOR
LOCATION"

E-16




&>
YES

DOUBLE SPACE

PRINT

“"EPF(k) =

K-17

S




DOUBLE SPACE

“PRINT
"ACTIVITY
PATTERN"

DOUBLE SFACE

PRINT EPFk

NO

YEE L

| SET j=1 I

r 8C1J=0. ‘I(_

[L SET i=1

SC1J = SC1J
+ Cij




PRINT
"DETECTOR. ..
PLANE NUMBER',

PRINT
"LOCATION...

DOUBLE SPACE

g-19

3

A




e R IR IR, B .
e & PV *‘rig‘!C% Wl SN e e e T T R

e S W
R AL

L SRS

SHOULD EQUAL 1.

i
DOUBLE SPACE

SCF1(J) =0.

L SET {=1 |
CrL () =
SCFI{J) + CF

(1,0
NO
~ imp _-;l-k fui+]
YES
NO |
e
YES '

- SET j=1

PRINT SCFI(1) }




PRINT
"RN(K,J) = "

{ pounLe seace

g£-11

'3




P
B

gt sighs v Sl R 528

&‘i\ T N ,
S o RCat AL S N R R G RS N

PRINT
"STRATECY
1’2’3,1 . e ’d"

g-22




SUsQ = SUSQ

+ fhj; PF‘j

SUSP = SUSF +
£.- PF, ' RN




SERRE Y ety g
CERATAI e

T

DOUBLE SPACE

PRINT
"COMPOSITE...
ACTIVITY PATTERN

NUMBER'"

PRINT
"STRATEGY...
.‘.‘,2’. il ’a"

SET h=1

1

SET k=1

DOUBLE SPACE
PRINT RNA,

NO

-

EJECT P/ GE

£-24
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E. Card Listing of Sample Input Deck

' SEGUENCE » 339

1 UGS 123454 JRYAN

PFTNooX
PROGRAM JRYAN
DIMENSION C(10420) ¢FR(20+120) sF(20)+LS(100¢10) +PF(20) +EPF (20) s LF (o2
19102 +RN{100920) +RNA(160+20)+SCF1(20) ¢sNUM(100)

PRINT 1000
10CC FORMAT(SOX16H C L O S S AR V)
PRINT 1001
10C1 FORMAT(#0C(I+¢J) DENOTES CONTRIBUTIONS TO INTENSITY AT JTH DETzCT.n
1 LOCATION FROM ITH PLANE OF CONTAMINAT!ON®)
_PRINT j002 L
71002 FORMAT (*UFR(KsJ)DENOTES THE FRACTION OF TIME SPENT AT DETECTCR J -
_CERFORMING THE ACTIVITY DENOTED BY K#)
PRINT 10023
1003 FORMAT(*OF(L) CENOTES THE MASS REDUCTICN FACTOR (FRACTION CF FALLL
3UT REMAINING! FOR DECONTAMINATION STRATEGY L#)
 PRINT 1004 o
1504 FORMAT(*0S(He1) DENOTES WHICH STRATEGY L 1S USED TO DECONTAMIF. ¢
4 PLANE I FOR COMPOSITE STRATEGY H#)
PRINT 100C¢s
1005 FORMAT (#0PF (J) “NOTES THE PROTECTION FACTOR AT EACH LET=CTOR LC .-
STION#*)
.  _PRINT 1Cy6 o
10u6 FORMAT(*bEPF(K) SENOTES THME QUIVALENT PROTFCTION FACTOQ FCR OB N
CEACTIVITY FATTIRN*)
FPRINT 1007
1007 FORMAT(*CCF(Je]) DENOTES THE FRACTICN OF THE TCTAL INTENSITY bPFI_ -
7 TO DECONTAMINATION AT & GIVEN DETECTOR#)
e _PRINT 1008 ) .
XOuF FURMAT(* DLE TO A PARTXCULAR CONTAMINATED PLANE*)
PRINT 1009
IC 9 FORMAT *ORN(H.J) DENOT‘S THE INTENSXTY QEDUCTION FA'TCR FOK EACH
BDECONTAMINATION STRATEGY AT EACH DETECTOR LOCATION#®)
PRINT 1010
10,0 FORMA_i*OQNA(HoK) DENOTE§_TH- ACT!V!TV DO°E RE DUCT!ON FACTOR Fl-
QACH COMBINATION OF ACTIVITY AND DECONTAMINAT!ON*)
PRINT 1011 o ,
1011 FORMAT(* STRATEGY AT EACH ULETECTCR LOSATION®)
79 READ 14ICKoIDeIP¢1A¢1IS4IC
1 FCRMAT(I1.512)
- JF(EQF 46C)41.:42 — e e e
Q2 IF(ICK=2)181443.51
63 DO 10 1s1.41P
D0 !9 J=141D
READ 241CKeCl14d)
2 FORMAT(114F9.8)
1FICK=3)62410082
10 CONTINUE
00 20 ka3l lA
0O 20 Jsi.lD
READ 3¢ ICKeFR(KaJ)
T FORMAT(11+Fa.2)

e BELICKS8)63080083 el

et - e e —

e as wnmimomm ees o ow



2¢ CONT}NOE— T o
READ ao(F(L)oL=1lelS>)

4 FORMAT(2CF4e2)
IF(F{1)=12)64430464

: 30 00 40 M=1.1C
i .. READ S¢I1CKeNUM(M) s tLS(Ms1)e1=141P) L L

IF(ICK=5i65¢40065
40 CONTINUVE
PRINT ZIolDolpo!AoISolC »
«i FORMAT(ﬂHID =e1343X43HP ‘llét3xl3ﬁe.=;l;.JXyEH§‘?OI303XO3HC =312/
FERINT 22 '
£2 FORMAT(/*OVALUES OF Clled)==#)
PRINT 220
<ol FORMAT(QHODETECTORsS3Xe22HP L A N E N U M B E R)
PRINT 221s(lsl=1,1P)
<<l FORMAT(16H LOCATION +13410111)
DO 2:2 J=141D
222 PRINT 114J90C(lsu)eizlalP)
11 FORMAT(GHONOe s IS e2Xe11iF11e8)

A e R | n 2 . SIS | AL St s Wiy . e ad MeABes b . L wes & .

I T S Py . R -

PRINT 23 ) B o
23 FORMAT(/#OVALUES OF FR{JeK)==%)
PRINT 230
&3¢ FORMAT(9HCDETECTOR42Xe43HA C T 1 VI TY PATTERN NUM o
1E_R)

- — - - - s N

_ PRINT 231e(1vl= lolA)
221 FORMAT(11H LCCATION +2016)
DO 232 J=141D
£32 PRINT 12+¢Js (FRIKK, J).K~1.1A)
12 FORMAT (4HONCe s IS¢ 3X 4 20FCe2
 PRINT 24
24 FORMAT(/#OVALUES OF F(L)==¥/)
PRINT 134(F(L)yl=115)
i3 FORMAT(12X420F542)
PRINT 25
¢S FORMAT(/#OVALUES OF S(tr1)-—%)
— PRINT 250 e s e e e
2.0 FORMAT(10MOCCMFOSITE+52Xe22HP L ANE N UMGB E R)
FRINT 291ellol=14"P) o o
271 FORMAT(12H STRATEGY W1216)
U0 252 M=1,41C o
252 PRINT 14 sNUM(MI o (L3t el ) e fslalri
14 FORMAT(4HONGe s [S93Xy1216)
“0 &0 U=1.10
SUMCluUsCe .
DO 50 l*x'ip
GG SUMCIJERUACT JsCiTe )
EC PR (JIELe/SUMCLY
. ‘-"QINT 18
1% FORMAT (#1PF (. wa)
. PRINT 15G
190 FORMAT(OHODETECTOR /94 LCCATIOND
| PRINT 151etJePFtY) e talelD)
= T FOMAT At a0 e [T F e D)
wo 80 Kxleld

—— v . . an wm—— & oy .. s s s pe s ml AR e

. . A W ———— = - W [ T

N . - .-

R-26




H

SQ=0.
DO 70 J=1.410D

70 5Q= SQ+FR (K o J)/PF(J)-

80 EPF(K)=14/5Q
PRINT 16

16 FORMAT(*CEPF({K) =#%)
FRINT 160

160 FORMAT(SHOACTIVITYs/8H PATTERN)
PRINT 161 s(KsEFF{K)K=141A)

161 FORMAT(4HCNOe s [S54FTe2)
DO 110 U=l41D
5C1J=0

- ——m———

DO 100 1=141P
100 _SCI1J=SCIJ+C(iad)
D0 110 1=141P
110 CF(14J)=CU14J)/SCIY

PRINT 17

17 _FORMAT(/*0CF(Jel)= %)

PRINT 220
CPRINT 231e(1el=1,1P)
DO 120 J=1.41D

120 PRINT 12¢Je(CFUlyJ)el=101P)
PRINT 9

_ 9 _FORMAT(#Q__CHECK BY SUMMING CF(Jel) ON EACH Ja

DO 130 J=141D
~.SEFELeNn=0 — S
DO 130 I=141P
120 SCRL(N=SCFI(N+CFIT )
PRINT 134{SCF1(J)ed=141D)
DO 140 M=141C

—— s e

DO 140 J=141D
_RN(JeM)=0s
DO 140 [=14IP
L=LS(Ms 1)

14C RN(JeMI=RN(JWMI+CF (T e I¥F (L)
PRINT 18

18 FORMAT (/®¥ORN(HyJ) =%)
PRINT &30

T80 FORMAT(1OHOCOMPOSTTE138X+45HD E T E C T O R
AMBER) ———

PRINT 2540(JOJ 10!0)
DO 2%3 M=1.41C

o - - s -~

233 PRINT 12«NUMIM) 4 (RN{J«M)Jd=1s1ID)
..D0_310 K=lelA
00 310 M=1(1IC
.SUSQ=0.
SUSPz0.
DO 200 J3l4l0

SUSGESUSQIFRIKeJ) Z7PF (J)
300_SUSPRSUSP+FR(K ¢ J) /PF (J) ¥AN LI 4M)
310 RNA(K +M) 3SUSP/SUSQ

CBRINT 19 o
16 FORMAT (/@CRMNA(H K ) S #)
PRINT 190

£-27
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e B

£L434050606

155 FORMAT(ICHOCLMEGSITEe2EXG3HA C T I VI TY FATTLER « o
12 £ R)
PPINT 2540(KOK loIA)
DO 191 M=14IC
+1 PRINT 12¢NUM(M) ¢ (RNATK ¢M) sK=141A)
__PRINT.SS _ I
S8 FORMAT(1HI1)
G0 To 99
61 PRINT 71
71 FORMAT(*OiNCORRECT DATA_CARD-=NOT VALUES OF SUBSCRIPTSe*)

GO TO 41
_ 62 PRINT_72 _ e o
72 FORMAT(#0INCORRECT DATA CARD=~NOT VALUE OF C{TeJ)e¥)
GO TO 4l

=3 PRINT 73
73 FORMAT (#OINCCRRECT DATA CARD=~NOT VALUE OF FR(KeJ)e*)
GO TO a4t
s4 PRINT 7« e
74 FORMAT (*#UINCCRRECT DATA CARD==NUT VALUES OF F(L7Je
GO TC 41
S PRINT 78
75 FORMAT(#QINCORRECT CATA CARD==NOT VALUES OF S(Hslie*)
GO TO 41
5 FORMATAINW13e1212) . . ...
<4 FORMAT(l1lH STRATEZGY +1216)
1 CONTINUE
END
SCOPE

'LCAD
VRONNDOBCCC L L o
30299
Ze336
2e24
3002
2el121 ..
231
Dec D
30208
¢« 29
16206
oo 182

—— e - - = e o e e - f mee s memm— wi e mws w - C e e -

v ————— i me emee mae e« 8 memie em e sm e e — - s = e e ‘- .. - -

selul
-el71
}0377
2e0BS
cehCe
QCQOQM
~2e07
-.020
“Ceb7
«l a7
“«Lel?

LLelie

- as ea .- m——- xm =

R-28




ilet7
-ects
ade02
“iec3
Lo e67
«" ol
t-o\'.’.’:ls
“uelS
=067
-L019
+.eC8
~vel6
~5ed7?
1el0CeC2C0eC3NelY0el10Tel3
SIN1CICEC102

S203030401

2321210401
Lo040103C0601
SULnCe020101
Lwubl151C080

L B
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F.

PROGRANM
1 2;673
1 60213
1 57411

PROIRAN
NONE

LAUELED
NONF

Sample Output

NARES
JHYAY
1ue,
184,

EATENS,

[LLDL]

NUMABRED COwwOV

NONE

ENTaY POINTS

00074
81562
02381
242
61648
57002
57768
38145
57213

o0 e e b0 e &

sgyiny
1820127,
INSIYGL,
I8ICHALN
30%eM40n
ASCMECH
WTIRY,
104,
JREPCNT,

EXECUTION STANIEL

14402 1
0847 1

St A

At

kY

o 58 0 bt B oo be pa

1417 #02

62050
5774C

75334
57365
62050
62123
617583
57816
60072
55141

108,
aLLoc,

1 574% 0801Fj0C

JRYAN
D8QIFENF
T,
neGwIsST,
NOUERSET
RSCLOSE
AUSY,
RCLBUF,

60423
00733
00043

E-30

1 63648 UBDEANNA
1 57513 RSTAR

1

T

55144

61566
57415
62373
62304
01543
27577
60101
$736%

10m,

QONENTRY
TSm,
{0R,
anhouBL ,
€xt?
NQISELEN
IRETURN,
QsalfiocC

00202
[ TELE]
0221%

1 81842
1 57488

1 62347

T RYdAL

1 62070

TTTTTTREG T

1 57913
1 60416

JO0ENTRY 800d4
STH, 00t3e

YNEND‘
Tw,
108

» -
RSTAR
alLoé¢,

) e03e2 ALLOCIW,
1 50599 Ekk-




e

GLOSSANWY
Cel,y) NEVOTES CUNTRIIIUTIONS TO INTENSITY AT JTw DETECTOR LOCATION @ HDM [V PLANE OF canrqglgijlg!“”””_
PRIN,JIDENOTES THe FRACTION OF TiMg SPENT AT DeTECINW J PERFORMING THE ACTIVITY DENOTED BY K ]
F(Ly DENOTES TWE 9WASS MEUUCTION FACTUR (FRACTION OF FALLOUT REMAINING) ¥0R DECUNTAMINATION STRATEGY L
Sim, 1) DEVOTES wHICH STHNATEGY L 1S VSEN 70 DECANTAMINATE PLANE | FOR COMPOSITE STRA!EGV_}[‘_ o
PF(J) DENITES TWk PRUTECTION FACTOR AT RACH DETFCTOR LOCAllOW '
EPF(K) DEVUTES Twé EWUIVALENT PROTECTION FACYOR POW EACH ACTIVITY PATTERN

CFeJs1) DENOTES YWk FRACTION OF THe TOTAL INTENSITY PRIOR TO NECONTAMINATION AT A GUIVEN DETECTOR
DUE TO A PARTICULAN CONTAMINATED PLANE T o

RN(HsJ) OSNNTES Ime [NTENSITY WHEDUCTION FACTOR FUR EACH LECONTAMINATION SYNATEQY AT EACM DETECTOR LOCATION

RNA(H, K} NESOTES TWE ACTIVITY POSE REDUCTION ZACTON FOH EACH CUMBINATION NF ACTIVITY AuD DECONTAMINATION
STRATEGY al EACH NETECION LOCATION

E-31




RS- IR

VALUES OF CtlyJ)e»

DETECTOR
L0CaTION
NO, L
NO, 2
ND, 3
NO, .

1 2

3

.

0,29900000 0.10100000 0,52900000 0,07300000

0,38600000 0,03100000 0,20600000 0,52700000

0,N2430000 U,20900000 0,182000C6 0,08500000

0,00200000 0,00%00000 0,00300390 0.,00€00300

VALUES OF FR(JoK)o=

DETECTON
LOCATION
NO, s
NG, 2
NO, S
NG, ¢

1 2 3
0,06 0,07 0,29
n,0/ 0.17 0,0¢
1,20 0.09 6,03
0,67 0.67 0,87

VALUES CF F(L)=-

1.00 0.02 0,03

_V‘LUES OF StHal)ee

A
NO, [}
NO, 2
N, A}
NO, ¢
NO, 9
NO, [

b e 3
1 5 1
3 3 4
1 1 4
by ) é
) e 1
H 1 S

0.13
8,05

0,15
0.97

0,09

0.19
0,08
0,06
0,67

0.10

ACT iy TY

n,13

£-32
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ANE NUMYER




PriJ) =

“pETECYON
LOCATION
NO, 1
N0, ?
NO, s
NO, 4
€PF(K) o
ACTIVETY
PATYERN
NO, ]
NO, 2
NG, 3
No, ‘.
N0, 3
CFtJal)e
JETECTOR
LOCaTiON
NO, [
NO, 2
NO, 3
NO, [}

1,00
1.00
2,00
100,00

4,22
3,63
3.1
3,82
3,26

1
0,30
6,39
0,05
0,20

2
0.10
0,03
0,42
0,39

3
0,93
6,22
0,3¢
0,10

CHECK @Y SuMMING CFiJ. 1) ON

AN(xgd) @
STRATRGY
NG, 1
L1-N ?
NO, 3
Na, ¢
N, 3
N3, ]

1.00

1.00

1,90
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Appendix F

The Nature and Scope of Command and Control System Elements

Required for Conducting Effective Decontamination
Analysis

Note: The material in this Appendix was originally submitted
to USNRDL as Rescarch Memorandum RM-0U-214-9%,

T e The Natugs and S:opo of Command gud Cootrol Jystes Elemente
Requ 3 €o™ £ n Muncipalities.
RM-0U-214-9, » Borth Carolina: Resetrch Triangle Institute,

Operaticns Researc!: and Economics Divieion, 30 July 1965,
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Appendix F

The Nature and Scope of Command and Control System Elements Required
for Conducting Effective Decontamination in Municipalities

I, INTRODUCTION

A, Purposge
The purpose of this study is to determine the nature and scope of the command
and control system elements which are required to effect practical decontamination.
Emphasis is placed on decontamination within municipalities. Such a study is
necessary in order to answer a number of questions basic to decontamination analy-
sis. The five questions on which this study focuses are:
1. What are the preattack and postzitack data required to effect decontami-
nation operations?
2. What are the essential components of the information system needed to ef-
fect decontamination operations?
3. How should trained and untrained personnel and decontamination equipment
be prepositioned, organized, and controlled?
4. How can a decontamination system in a municipality be evaluated?
5. How can a decontamination system in a municipality be most effectively
nodeled to provide a ready vehicle for system analysis?
0f course, all of these questions are asked for various levels of decontamina-
tion capabilities, requirements, and attack enviromments. As implied by the ques-

tions ahove, a subsidiary purpose of this study is to develop a procedure for ana-

lyzing 8 dezoutamination system in a municipality.

This appendix first duscribes elements and purposes of command and comntrol
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systems in general, The various components of a decontamination system in a municipality

are then identified and embedded in the gererds] command and control system framework,
is shown that a command and control system for decontamination operations must pro-
vide both for decisions on i!.cther or not to undertake a mission and for manpower
and decontamination resource commitment and allocation decisions. These decision
functions require an elaborate information subsystem consieting of organized data
files containing prestored (preattack) data and postattack assessments (including
gsystem feedback).

The detailed characteristics of the individual components in each of the essen-
tial subsystems of a decontamination command and control system are studied. The
interrelationships among the individual subsystem components are identified and dis-
played.

In order to determine the command and control system elements required to ac~-
complish practical decontaminacion missions in a municipality, the enviromment and
the system goals are reviewed and analyzed. Basic system evaluation criteria are

2lso discussed and the essential decontamination system evaluation criteria are

identified,
Recommendations &nd guides leading o the design of a basic command and control

system for municipal decontamination are indicated.

It




11, GENERAL CHARACTERISTICS OF COMMAND AND CONTROL SYSTEMS

- A, Introduction

Most persons who are cencerned with business, government, or military operations
are also acquainted with the basic characteristics of command and control systems.
However, a review of the elements and purposes of command and ccutrol systems is
useful in providing a framework into which the components of a decontamination sys-
tem can be embedded.

Further, since the technology of command and control systems is advancing rap-
idly, the terms which define the basic components of such systems are changing day
by day. Thus, it is necessary to define precisely the terms and expressions used in
this appendix to define the system components and system goals.

The succecding parts of this explinatory section are:

Section II-B  The Purpose of Command and Control Systems
Section II-C The Basic Components of Command and Control Systems

Section II-D Some Examples of Command and Control! Systems

B. The Purpoge of Command and Control Systems

The purpose of any command and control system is to: (1) determine for a given
operation or set of operations, what must be done, who (or what) does it, and when,
where, and how they do it; and (2) direct the activities which accomplish {t.

Obviously from the above, it is seen that a command and control system must have
the capacity both to initiate and to monitor activities. As operations or sets of
operations become more complex, systematized cowmand and control mechanisms become
more necessary.

C. The Basic Components of Command and Control Systems

Most cowmand and control systems are compused of a set of basic elements called

) . . - — S P - -
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subsystemg. The expressions nsed to identify these subsystems as well as their de-
fining characteristics are presented here along the lines indicated in Reference F-1,
The following subsystems are common to all command and control systems:
1. Sensor subsystem;
2. Effector subsystem;

External communication subsystem;

Lo

4. Internal communication subsystem;

5. Information subsystem;

6. Decision subsystem;

7. On-line control subsystem; and

8. Off-line control subsystem,

The command and control center is composed only of the internal communication

subsystem, the information subsystem, the decision subsystem, and the on-line control
subsystem, Figure F-1 shows the functional relationships among the basic subsystems

of a command and control system,

1. Sensor Sutsvstem

The basi~ purpose of the sensor subsystem is to acquire information inputs.
This informatica input ma“erial is classified into three categories:
a. observed information irputs;
b. derived information inputs; and
¢. command information inputs.
Unfortunately, sensor subsystems also acqg:. .re material which is not information
input at all, This non-information input or "noise" represents irrelevant or
erroneous material.
Observed informncion inputs can be such things as visual observations,
verbal communications, radar scope readings, radiological dosimeter readings,
or on-git~ damage computations. Derived information inputs are data which re-

sult from deductive processes. It may be the product of either experimental
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or theoretical research, for example., This ig usually prestored data and thus
the external sensors which acquire such information inputs may be inactive dur~
ing most of the time that the system is operating., Command info.mation inputs
are in the form of directives which enter the system from external sources.
Decisions made outside of the command and control system but affecting the
operation of the system are a form of command information input, Figure F-2
shows the structure of information inputs which arc acquired by the sensor sub-

system,

2, Effector Subgystem

The purpose of the effector subsystem is to carry out the disxctives of
the decision subsystem. This may consist of simply disseminating information
or at the other extreme carrying out the over-all system missions. The
effectors are thus controlled by the output commands and decisions of the
command and control center. The effectors' task is to apply the energy com-
mitted for some external action. An example of an effector would be an offen-
sive aircraft directed to attack a target as prescribed in the command and

control center.

3. External Comunications Subgystem

The external communications subasystem is the network of paths which
carries material (information inputs, information, etc.) to and from the func-
tional blocks tied to th!s subsaystem in Figure F-1. These paths can consist
of radio communicatfons, telephone links, verbal information tranamissiomn, etc.
Often an external sengsor or effector can also be a part of the external commu-
nications subsystem as well as the sensor or effector subsystem. The organi-
zation and other systoms variables involved in this subsystem depend iargely
on the characteristices of the particular command and control system of which

it is a part,
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4. Internal Communi.ations Subsystem

The internal communications subsystem is similar to the exterral communi-
cations subsystem except that it is entirely con:tained in the command and con-

trol center. Figure F-1 shows its functional relationship to the system as a

whole.

S. Information Subsystem

The information subsystem is the part of the command and control center
which handles, stores, transforms, or displays the information which is trans-
mitted to the command and control center, It consists of all of the people,
machines, reports, and files within the command and control center which are

employed to perform this function,

6. Decision Subsystem

The decision subsystem (illustrated in Figure F-3) uight also be called the
command subsystem. It is the component of the command and control systom which
transforms information into decisions. These decisions are usually translated
into commands to perform an activity, or commit resources to perform prescribed
actions duri.g a prescribed time interval. Figure F-3 illustrates how the de-

ciaion subsystem transforms information into decisions and commands.

7. On~-line Control Subsystem

Ideally, the on-line control subsystem (illustrated in Figure F-4) controls
all information transwmission and monitors all actions performed by the covmand
and control system. In practice, the on-line control wmechanism only attempis
to perform these tasks in most real situations. Many activities are performad
by the effectors by their own volition because there {s not enough time for cihe
decision subsysem to outline & course of action, For example, a Polaris subd-
warine undar attack presunably would efther attack its adversary or take eva-

sive action immediately without communicating through a higher echelon decision
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subsystem,

A very important aspect of such on-line control is the regulation of sys-
tem accuracy and/or response time, This means that the on-line control sub-
system attempts to control delays and errors in the transmission and trans-
formation of information in the command and control system. This role of the
on-line control subsystem makes it the most important element in the system.
Unfortunately, it is also the most difficult to identify precisely in most
physical systems, Tn the above Folaris example, the effector subsystem per-
formed a function which, for at least one situation, iuaentified the effector
as a part of the on-line control systxi, Usually those machines, people, etc.,
which perform on-line monitoring and contvol functions from within the command
snd control center are considered to comprise the on-line control subsystem.
Figure F-4 shows schematically how the on~-line cortrol subsystem performs in

the system environment,

8. Qff-1ine Control Subsystem

The off-iine control subsystem monitors and controls processes which affect
the system but are not performed on-line. That is, they are either performed
before the syetem is cperational or are performed outside of the control of the
on-line control subsystem. One important function of the off-line control
subsystem is to ccllect and process statistics and research for future augmen-
tation of the static variables of the system. On the basis of the observed
statistics and rescarch, the off-line control subsystem makes recommendations
to the on-1line control subsystem for possible future control of the dynamic
variables. Basic research performed long in advance of an operational system
must be controlled, 1t {5 the purpose of the off-line control subsystem tc
control this research. Thus, most ofien, soms segments of the off-line con-
trol gubsvetem ave the first operstional parts of a command and coatrol sys-

Cenm,
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D. Some Examples of Command and Control Systems

Some of the Air Force's "L" 3ystems are excellent examples of military command

and control systems, A few are sumarized below (See Reference F-2 for these and

additional examplez):

412L

416L

474L

4817,

Many

Air Weapons Control System

An oversgeas theater tactical air weapons control and warning system.
SAGE Air Defense System

A semi-automatic area air weapons control and warning system including
the Back Up Interceptor Control (BUIC) for detecting, identifying,
tracking, and providing interceptor weapon direction against air-
breathing threats tc¢ the United States and Canada,

Ballistic Missile Early Warning System

A system to provide early warning of a mass ballistic missile attack on
the North American continent from the North.

Postattack Command and Control System
A system to enable the Commander-in-Chief, Strategic Air Command, to

control his forces in the event that a nuclear attack destroys or
geriously degrades his normal facilities.

of these as well as other of the "L'" Systems are subsystems of higher

echelon command and control systems. 474L (BMEWS), described above, is also a

gsensor subsystem of higher echelun systems,

F-12
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III. A COMMAND AND CONTROL SYSTEM FOR MUNICIPAL DECONTAMINATION

A, General
The previous section defined the characteristics of subsystem interrelationships
commen to all command and control systems. It is the purpose of this section to
identify the basic system elements required by municipal decontamination and to
embed these elements into the general command and centrol systems framework of the
previous section. In order to accomplish this, the following steps are taken in
this section:
1. Analyze the envirorment, within which municipal decontamination is expected
to operate.,
2. 1Identify the goals of muricinal decontamination,
3. Prescribe the decontamination system performance requirements.
4. Identify and relate the elementg of a decontamination system.
5. Relate the elements identified in 4 above to the general command and

control system framework defined in Section II.

B. Envirommental Aspects of Municipal Decontamination

Municipal decontamination by itself is only a part of the broadar system of
postattack radiological defense. The time during which & radiological defense sys-
tem operates can be logically divided into three time phases: the emergency phase,
the operational recovery phase, and the final recovery phase (Reference F-3). The
underlying reason for dividing radiological defense into three time phases is the
change due to fallout decay.

Figure -5 shows that the emergency phase begins with a preattack warning--an
event highly probable during times of international crisis~--if it cccurs, or attack
warning otherwise, It may last for several days, weeks, or months depending on the
wvarning obtained (combined with the population discipline attained for such an event)

and the attack pavameters, Tha decision-makers during this phase utilize preattack
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planning, before and after warning, the extont and effectiveness of which is de-
termined by the amount of preattack warning given. This is a function of intelli-
gence indicators.

The objective of radiological countermeasures during this phase is survival, for
it is duriog this period that the fallout arrives, accumulates, attains somec maximum
intensity, and then begins to decay. It has been shown that the optimal or primary
radiological countermeasure during this period is enshelterment., The central re-
quirement of the system during this period is to provide a sufficient number of
adequate shelters so located as to minimize casualties., The potential effeciiveness
of the system during this period is determined by the degree of protection afforded,
space availability and accessibility, and warning time.

The operational recovery phase follows the emergency phase and encompasses the
operations prerequisite to:

l. Sustaining life in a hostile enviromment; and
2. The rccovery of essential postattack activities and/or facilities.

From Figure F-5 it is seen that the transition to the operational recovery phase
takes place when limited egress from shelters is feasible.

The final recovery phase begins when radiation intensity decays to an insignif-
icant level and primary consideratione can be focugsed on functional restoration of
the target area as nearly as possible to its preattack condition.

Municipal decontamination will be activated primarily during ~he operational

recovery phase, The following envirommental conditions will then prevail:

1. Fallout deposition, generally, will be comnlete,

2. Fallout radiation will still be a hazard in some areas., Most of the
civilian population will be sheltered during much of the time that de-
contamination is being performed.

3. There may be damage in the area from direct weapons effects (blasts,

thermal, EMP, etc.).
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4, The entire Civil Defence System will be very active, i.e.,, communications

lines, logistics supplies and equipment, etc., will be very busy.

This last item is perhaps the most important condition affecting the environment
of municipal decontamination systems. It is a factor over which the decision-maker
has some control., As is pointed out in Reference F-3, the decision-maker has little
or no control over most envirommental factors.

Reference F-3 also points out that the enviromment is an important factor 1lim-
iting the range of decisious which can be made in the postattack period. Becausc
of the wide variation of damage, yielding a wide variety of physical enviromments
{in which municipal decontamination might operate), the decision subsystem of any
proposed decontamination system must be extremely flexible and capable of making
very complex decisions. Further, it should be capable of making decisions based on
varying amounts of reliable (and unreliable) information., This will subsequently

be discussed in some detail.

C. Goals of Municipal Decontamination

The primary goals of decontamination within a municipality (in a very bread
sense) are:

1. Continued survival within the municipality,

[

Accelerated municipal recovery, and

Assistance in the recovery of a region (not necessarily containing the

[US]

municipality +here the decontamination system is operating).

Since the three goals listed above are algo primary goals »f the overall radio-
liogical defense system, any decontamination system must be closely coordinated with
other radiological defense syscems. This implies the existence of an overall radio-
logical defense command and control system., Although it is not the purpose of this
report to elaborate on the cverall system, it should bte recognized that much of the
cormand information {nput to the decontamination conmand and control system will be

output from such a higher echelon decigion subsystem,
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D. Municipal Decontamination System Performance Criteria

In light of the existence of a higher echelon command and control system, the
question might be asked: 'Why a command and control system for decontamination?"
There are two basic reasons for proposing a separate system to command and control
decontamination opera*ions in a municipality:

1. The specific decisions involved with effectiig decontamination operations

in a municipality are in themselves complex enough to warrant a 'decontami-
nation-level' decision subsystem,

2, The information requirements for effecting useful decontamination decisions
are in themselves very involved and require a separate ''decontamination-
level" information subsystem. This is not to say that a decontamination
information subsystem would not borrow components from, or overlap with,
parts of other radiological defense information subsystems, e.g., RADEF.

later in this appeﬁdix, the irformation input and decision struciure requirements
for effecting decontamination will be identified and will substantiate the above
reasoning for a separate decontamination command and control system.

The basic criteria upon which to judge a decontamination system are:

1. To what extent does the system increase the effectiveness of decontamination
in achieving the goals and requirements prescribed by higher echelon decision
subsystems?

2. How effectively does the system reduce on-.ine decontamination costs (:n
manpower, crew doses, expenditures of fuel, water, etc.) for specified
levels of performance?

3. How effectively doss the system reduce off-line decontgmination costs (re-
search funds required, training of personnel, procurement of equipment, etc.)
for specified levels of performance.

This last criterion is separated from the second, in that {t can be treated as

a static goal of he system (i.e., one which {s evaluated by off-line simulation
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and/or analysis of on-line system performance). The first two are dynamic goals

(i.e., those evaluated by on-line performance and which can be controlled on-line).

E. Elements of a Decontamination System

The purpose of this section is to identify the functional decontamination de-
cision elements as well as to determine the data base and information flow required
by these elements. These data and information flow may be internal to the decon-
tamination system (between subsystems) or external to the system (to and from higher
echelon or para’lel systems). The higher echelon command and control system with
regard to decontamination is the Postattack Civil Defense Emergency Operating Sys-
tem. Parallel systems would include systems to control such functions as rescue,
law and order, engineering, welfare, firefighting, medical, etc. Certain other
subgystems of the Emergency Operating System would provide sensor information inputs
for the decontamination system. These include RADEF, damage assessments, NUDETS,
etc. Figure F-6 illustrates schematically the information flow between the various
command and control systems related to decontamination.

The subsystems of the decontamination system must provide the basis for command-
ing and controlling all of the activities and decisions which comprise decontamina-
tion. Thus, a first step towards identifying the elements of a decontamination
command and control system is to list all of the important activities and decisions
which are required to perform effective decontamination. In order to determine
whether or not to decontaminate a given facility or activicy and thence to schedule
the operation, the following steps must be taken:

1. Determine that the facility or activity is essential to sustaining life or

accelerating recovery. This may involve no more than heing told by the
higher echelon decision subsystem that a given facility or activity is

essential.

r

Determine that the given facility or activity is presently denied by fall-

out or will be when you want it.
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10.

11.

12.

13,

14.

Determine that dacontamination can reduce the fallout denial time of this
facility or activity to or below the minimum desired.

Determine that equipment and supplies (water, etc.) are available to decon-
taminate around this facility or activity.

Determine that sufficient manpower (taking dosa histories into account) is
available to decontaminate this facility or activity.

Deternine that the facility or activity can be decontaminated to a specified
level of effectiveness withou: overexposirg the decontamination crews.
Determine that direct weapons effects or congestion will not impede the de-
contamination equipment in reaching the facility or activity.

Decide to decontaminate the given facility or activity.

Commit resources and schedule the decontamination of the given facility or
activity.

Initiate and conduct the decontamivation operation.

Monitor and control the decontamination operation.

Determine whether additional resources are required and available to complete
the decontamination of the facility or activity.

Commit additional resources to decontaminate the facility or activity {f
needed.

Determine that the decontamination operation is completed.

Euch of these activities triggers a response within the system. Thus, none of

these activities can be omitted in the analysis without reflecting a gap in the rve-

quired data tase and organizational structure. Each activity demands a supporting

data base, some resources, and some organizationsl (command and control) structure.

This organizationa! structure shouid provide fur both informatfon channels and de-

cisfon struclures,

Figure F-7 shows the supporiing structure and data base for conducting the de-

contamination of a given facility or activity. Each of the important activities
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involved with such an operation is delineated and ti.e data base foi each activity
speciifed. Clearly the required information chanuels comprise a complex network
and imply the necessigy for a well organized information subsysten.

Close examination of Figuré F-7 reveals the necessity for other subgystems
similar to those describad in Section 11 of this raport. For instance, an on-linc
control system will be required to monitor and control the decontaminaticon operations
and also to direct and ingure that information is forwarded to the proper functional
elements of the decontamination system. The parallelism between required decontami-
nation system .lements and classical command and control subsystems is considered
next.

F. Decontamination System TFlements

The purpose here is to identify the command and control system elements re-
quired to conduct effective municipal derontamination. The interrelationships be-
tween the functional elements are discussed and displayed.

In Section II of this report, each of the necessary subsystems of any command
and control system are identified and defined. The basic supporting data base as
well as the activities and decisions necessary to conducting postattaci: decontamina-
tion are iilusgtrated in Figure F-7. It is now necessary to relate thesc necessary
decont mination system activities to the command and control framework described in
Section II. Table F-I lists some of the basic dzcontamination functions performed
by each of the command and control subsystems. Figure F-8 i{llustrates the functional
relationships amoung these decontamination activitles. It is seen that some of these
functions &re 1l1s0 parallel systems to decontamination. Radiclogical moenitoring,
for instance, would be required for almost ail of the parallel systems ghown in
tigure F-b.

What is possible to note from Table F-1 and Figures F 7 saud F-8, however, is that
the syatem required to conduct effective de ontamination does have all of the character-
fstics of & full scale commard and control cystem. All of the usual sub-systems of
command and contral “ystems are needed in some tashion ro perform municipzal decon-

taminetion.
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TABLE F-1

Decontamination Subsystem Functions

Sengor Subsystem

Radiological monitoring.
Field Surveys, etc.

Effector Subsystem

Move decontamination equipment to sites.
Perform decontamination.

External Communications Subsystem

Transmit data and information to and from radiological monitors, field
inspection teams, etc., and decontamination crews to the Emergency
Operating Center (EOC).

Internal Communications Subsystem

Transmit data and information within the EOC.

Information Subsystem

Store and catalog decontamination planning guides and other related
(prestored) materials.

Display environmental information (RADEF, etc.) within the EOC.

Process data inputs and information coming in from the external sensors
into a usable form for persons with information needs.

Provide information to decision subsystem or request.

Decision Subsystem

Decide when, what, and how to decontaminate.

Decide when to commit resources and which resources to commit.

Decide whether additional information is required to make a decontami-
nation decision.

On-line Control Subsystem

Monitor and control decontamination.

Commit resources to decontamination tasks.

Control infrrmation flow, assign tasks to radiological mon(tors and field
inspection teams. This included regulating response times and information
aceuracy.

Off-line Control Subsystem

Monitor and control decontamination research.

Preposition and i{nventory decontamination personnel, equiptient, and
supplies.

Organize decontamination subsystems within the EOC,
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IV. AN INFORMATION SYSTEM (SUBSYSTEM) FOR DECONTAMINATION

A. Introduction

Figure F-7 in the last section depicts a very complex information-flow network
required in the decision whether or not to conduct a particular decontamination
operation. Certainly some control over the collecting, storing, and disseminating
of all of these data is necessary. It is the purpose of this section to indicate
the basis upon which an information subsystem for decontamination could be designed.
The stepe taken towards this end are along the lines suggested in Chapter 3 of
Reference F-3:

1. The information input requirements are discussed.

2. The information format including the criteria upon which to judge the use-
fulness of the information are discussed.

3. The means for obtaining, storing and disseminating the required information
are ide;cified.

The last two steps required in des:gning an information system (identifying

alternative systems and choosing a best one) are not taken up in this report.

STV P

B. Information Input Requirements for Conducting Decontamination

Most of the information inputs shown in Figure F-7 are not required for every
decontamination decision. For instance if no blast damage has occurred in the
city where decontamination is being performed, specific blast-damage information
inputs would be unnecessary. It a higher echelon decisions subsystem commands that a
facility be decontaminaced, the information inputs required to determine that the
job is necessary are no longer relevant to the decisi>n. Thus, there are different
informition input requirements depending on the environment and the kind of decon-
tamination decision being made. The envivonment includes not only the attack damage
but the overall decontamination resource situation and the population dispersal.

(This last item is a function of the attack warning time of day of attack. pre-
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conditioning and training, etc.) Clearly the problem of identifying all of the pre-
attack and postattack data requirements for effecting municipal decontamination for
all si+uations would be a mammoth undertaking. Whether or not such an effort would
be fruitful is in itself a difficult question. This report will simply list some of
the basic requirements which appear to be a necessary input to most decontamination
decisions. They are:
1. Fallout information - This includes both amounts of fallout (mass) and the
dose-rates where the fallout is deposited.
2. The location of essential facilities and thz urgency of their recovery -
This information may be in the form cf a command from a higher echelon
decision subsystem or prestored information in the EOC.
3. Decontamination rescurce inventories and schedules - This information
should be kept up to cdate in the EOC.
4. Planning guides for conducting decontamination - This information is pre-
stored in the EOC.
These basic information requirements are presented in a general manner only;
any additional refinement would require a complete situation analysis including a
description of the environment and the kind of decontamination decision being made.

C. Information Utility Criteria

As stated in Reference F-3, the basic criteria upon which to judge information
are:

1. Timeliness;

2. Pertinence;

3. Reliability; and

4., Comprchensibility

1. Timeliness

The value of radiation information particularly is very dependent on when

ft is received. This is because of the decay ratea cof the fallout intensity.
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Radiation reports during the build-up phase and shortly thereafter are not
essential for future decontamination. This information, in fact, is best kept
out of the decontamination information subsystem. It simply clutters the system.
Radiation information, to be useful, must be reasonably up to date and reflect
the amount of fallout or intensity. As the decay progresses it becomes less and
less important that the information be processed quickly. Of course. late re-
ports might delay a decision to decontaminate an essential facility.

Prestored data should be organized so that the decision-maker can obtain

information from his files as he needs it.

2. Pertinence

The information should bes organized and disseminated in a manner to minimize
the amount of uunecessary information being pro-ided to the decontamination de-
cision~-maker. Prestored information (decontamination planning guides, etc.)
should be concise and to the point. As is pointed out in Reference F-3, "Extra-
neous material not only wastes the time of those who must use it, it may also

lead to incorrect decisions by obscuring the most important considerations."

3. Reliability

Information should be accurate. Reference F-3 points out that accuracy is
influenced by the quality of the information inputs as well as the ability of
the system to transmit and transform data without making errors.

Unfortunately, this criterion is particularly difficuit to meet for decon-
tamination decisions. Radiological monitoring devices are yuite variable in
their accuracy of intensity measurements. Indeed, winds or redistributed fallout
cause information inputs to reflect incorrectly the status of the radictogical
environment. Because of this uncontrollable reliability, decontamination de-

cisions will have to be made despite some {naccurdacy in information inputs.
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4, Comprehensibility

Information inputs from external sensors must be collected (time, location,
etc.) and presented in a comprehensible manner. Prestored data must be clear

and written or presented in a manner readable by the user, e.g., decontamination

planning guides should be readable to the local decision-maker in the EOC,

D. Means for Obtaining, Storing, and Disseminating the Information

Radiation information can be obtained from r¢ liation monitors. This informma-
tion can be measured with instruments or visually observed. 1t may be forwarded to
the EOC via telephone, radio, or hand-carried. Such information can be posted anq,
kept up to date on display boards, map books, or typed and hand-written reports.
Field survey data can be handled in the same manner

Prestored data are obtained by preattack uata acquisition and research. The
kinds of prestored data obtained are determined by careful preattack assessment of
postattack data needs. They caun be stored as printed reports, maps, etc., or if
retrie '‘al machinery is available, they could be stored on punched cards, magnetic

tapes, drums, discs, etc.

E. Summary

It is not the purpose in this appendix to prescribe precisei an information
subsystem for decontamination. Whether or no* a separate information subsystem for
decontaminalion as opposed to, say, firefighting 1{s neceded is not angwered in this
ap:endix The angwer to this question depunds largely o. the organizationsl structure
and systen design of whatever higher echelon gystems are developed (e.g.. Emergency
Opurating Systems).

This appendix simply indicates a basis for dasigning a Jecontamination {nforma-

tion system.
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V. CONCLUSIONS AND RECOMMENDATIUNS

A. Conclusions

Some command and control structure will be necessary to conduct effective munici-

pal decontamination. Whether or not a separate decontamination command and control

system is necessary is not determined in this report--nur will it be determined with-
out a far more extensive research effort. The decisions and activities related to
decontamination do, however, require an elaborate information subsystem consisting

of organized data files containing prestored (NFSS data, decontamination planning
guides, etc.) data and postattack assessments (including system feedback). A good

argument for a decontamination information subsystem could be presented on the basis

of the complex network of informaticn flow shown in Figure F-7.

B. Recommendations

It is recommended that decontamination be considered in the development and de-

sign of any Postattack Emergency Operating System to be operdational at the municipal

or community level. It is further recommended that the systems requirements for con-

ducting decontamination be analyzed more thoroug:ly and the necessary system functions
and minimal organizational structure for conducting effective municipal decontamina-

tion be more precisely identified.
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